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ABSTRACT 
The Impact of Bushmeat Hunting on the Primates of 
Bioko Island, Equatorial Guinea 
Drew T. Cronin 
Advisor: Gail W. Hearn, Ph.D. 
 
 
 
 Hunting of wild meat by humans is widespread throughout the tropics, and is 
considered in many areas to be the most immediate threat to the persistence of large-
bodied mammals. In the African forest zone, hunting and consumption of “bushmeat” is 
largely unsustainable. As subsistence practices have been supplemented by commercial 
hunting, populations of larger-bodied species, such as anthropoid primates, have been 
depleted. This dissertation examined the impact of hunting on anthropoid primates by 
assessing wild populations and hunting intensity in the forest, and by characterizing the 
dynamics of a robust urban bushmeat market. This project was conducted on Bioko 
Island, Equatorial Guinea, a biodiversity hotspot home to 7 anthropoid primates, four of 
which are considered Endangered by the World Conservation Union’s Red List. 
Bushmeat market surveys took place in the Semu market in the Equatoguinean capital, 
Malabo, and were conducted continuously since 1997. The market grew significantly 
over time, but growth was not consistent across all taxa. Rates of trapped taxa decreased 
concurrent to increased rates of carcasses captured by shotgun, while rates of widely 
distributed primate species increased at a greater rate than those in with limited, isolated 
distributions. External sociopolitical events also significantly affected market dynamics, 
and in some cases led to increased bushmeat consumption. Using reconnaissance walk 
surveys I estimated primate abundance and hunting intensity at three sites in the Gran 
Caldera-Scientific Highlands Scientific Reserve that varied in levels of hunting intensity. 
xvi 
 
Total primate abundance declined between sites relative to increased hunting, but larger-
bodied species suffered the greatest declines. Cercopithecus erythrotis and Cercopithecus 
nictitans were the most resilient to hunting, while Procolobus pennantii was the most 
vulnerable to hunting, and appeared to be extirpated from the eastern extent of its range. 
In a site where temporal comparisons were possible, primate abundance declined 
simultaneous to an increase in hunting. This was the first study on Bioko to directly study 
the impact of hunting on primates, with results suggesting that populations will continue 
to decline as a result of hunting, and highlighting the need for immediate conservation 
action on Bioko. 
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Chapter 1: General Introduction 
Introduction to thesis 
Hunting and the bushmeat trade 
 Hunting for wild meat (bushmeat) occurs throughout the forested tropical areas of 
Africa, Asia, and the Neotropics (Robinson & Bennett 2000), and is, for many, an 
important dietary and economic staple (Robinson & Bennett 2000; Fa et al. 2002b). Over 
time, bushmeat hunting has transitioned from a subsistence practice into a predominantly 
profit-oriented, and often illegal, trade (Redford 1992; Chapman et al. 2006; Bennett 
2011). The regional volume of animal offtake varies worldwide, with estimates at 23,500 
tonnes in Sarawak (Bennett 2002), 1,299,000 tonnes in the Amazon, and 4,569,000 
tonnes in the Congo Basin, putting global harvests at over 6,000,000 tonnes (Nasi & Van 
Vliet 2011). These levels of hunting intensity are considered unsustainable across large 
areas of the tropics (Milner-Gulland et al. 2003), leading bushmeat hunting to be 
considered an even greater threat to larger-bodied vertebrates than habitat alteration in 
many areas (Redford 1992; Oates 1996b; Bennett et al. 2002; Fa et al. 2006; Nasi & Van 
Vliet 2011; Wilkie et al. 2011). 
 In the African forest zone, hunting and consumption of bushmeat is particularly 
extensive (Wilkie & Carpenter 1999; Robinson & Bennett 2000; Fa et al. 2002b; Fa et al. 
2006; Abernethy et al. 2013), with extraction thought to be six times sustainable levels 
(Robinson & Bennett 2000; Bennett 2002; Fa & Brown 2009). Particularly threatened are 
primate species, with over 70% of species hunted unsustainably (Fa & Brown 2009). 
Much of this hunting is driven by a combination of expanding industrial logging and 
other extractive industries, increasing access to firearms, and a growing population with a 
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cultural preference for bushmeat that increases demand (Bowen-Jones & Pendry 1999; 
Robinson & Bennett 2000; Bennett & Rao 2002; Milner-Gulland et al. 2003; Crookes et 
al. 2005; Morra et al. 2009). The result of this overexploitation has been substantial 
defaunation around population centers, widespread wildlife declines, and local 
extinctions (Butynski et al. 1997; McGraw 1998; Wilkie & Carpenter 1999; Oates et al. 
2000; Robinson & Bennett 2000; Maisels et al. 2001). In the Gulf of Guinea forests of 
central Africa, bushmeat hunting is especially pervasive. This area contains some of the 
densest human populations in Africa (CIA 2013), and the volume of bushmeat for sale in 
its markets is estimated at approximately 12,000 tonnes per year (Fa et al. 2006).  
 
Differential vulnerability of primates to hunting 
 Diurnal primates are hunted extensively in African tropical forests (Wilkie & 
Carpenter 1999; Fa et al. 2006), but species vary in their responses to differing levels of 
hunting intensity (Kümpel et al. 2008). Differences in hunting vulnerability can be due to 
a number of factors including ecological flexibility, anti-predator behavior, and life 
history traits (Linder & Oates 2011). Primates that are larger-bodied (Isaac & Cowlishaw 
2004), are long-lived and have relatively slow life history characteristics (Bodmer et al. 
1997), are terrestrial (Struhsaker 1999), or are overly conspicuous (Struhsaker 1999) have 
all shown to be particularly vulnerable in hunted environments (Linder & Oates 2011).  
 The guenons (Cercopithecus spp.) as a group seem to be less susceptible to 
hunting than the colobines and apes in African forests (Oates 1996b; Struhsaker 1999). 
Despite regular hunting, C. nictitans has been shown to maintain relatively high densities 
(Lahm 1993; Mate & Colell 1995; Muchaal & Ngandjui 1999; Waltert et al. 2002), and 
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in Korup National Park, Cameroon, exhibited potential density compensation following 
declines in larger-bodied species (Linder & Oates 2011). Cercopithecus erythrotis is the 
most commonly sighted primate on Bioko, and may be best able to adapt to disturbance 
(Butynski & Koster 1994). In Korup, although abundance of C. erythrotis declined in 
heavily hunted areas, the proportional representation of C. erythrotis in the forest 
remained consistent over time (Linder & Oates 2011). Colobine species are relatively 
more vulnerable to hunting, as they are generally slower moving and are less visually 
alert (Oates 1996b; Struhsaker 1999). Red colobus monkeys seem especially poorly 
adapted to hunting, due to their large body and group size, as well as slow and ineffective 
anti-predator responses (Struhsaker 1999; McGraw 2007).  
 
Project significance 
 This project is of significance to primate and biodiversity conservation on Bioko 
Island, from a broader perspective, to protected area management and understanding 
bushmeat economies. In October 2007, Equatorial Guinea issued a Presidential decree 
banning the hunting, sale, and consumption of primates (EG 2007). This was a necessary 
first step towards primate conservation on Bioko, but unfortunately, the effectiveness of 
the ban was short lived, as it was not supported by political will or enforcement. This 
dissertation provides the government of Equatorial Guinea with necessary data on the 
contemporary extent of the Malabo bushmeat market, the primate species most at risk of 
extinction, and what areas are the highest conservation priorities. These data are integral 
to the development of future conservation plans and management strategies, and become 
especially relevant, given suggestions that the country hopes to develop a viable 
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ecotourism sector (G. Molongua, Director General of Tourism, pers. comm.). It is 
ecologically possible to make tourism a reality, but not without effective conservation 
measures. This study will be critical to informing these management decisions in both the 
short- and long-term. 
 Bushmeat market surveys are an important and cost-effective tool for assessing 
the extent and dynamics of the commercial bushmeat trade in the African forest zone 
(Wilkie & Carpenter 1999; Cowlishaw et al. 2005a; Albrechtsen et al. 2007; Willcox & 
Nambu 2007; Allebone-Webb et al. 2011). However, few studies are conducted over long 
enough periods of time to be able to assess long term trends in market dynamics. This 
dissertation not only represents one of the longest-running, continuous studies of 
bushmeat market dynamics in west and central Africa, it also showed the importance of 
long-term monitoring schemes to understanding bushmeat dynamics. Moreover the 
techniques used in my analyses, though not typical of bushmeat studies, proved capable 
of elucidating both short- and long-term trends in market data and may represent valuable 
tools for future bushmeat studies. 
 
Dissertation structure 
 On Bioko Island, previous studies of bushmeat market dynamics have indicated 
that hunting is extensive and may have significant negative impacts on the biodiversity of 
the island. The main goals of this dissertation were to characterize the Malabo bushmeat 
market during Bioko’s recent economic growth, update the conservation status of 
monkey species on Bioko, determine the relative effects of hunting on the monkey 
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populations, and identify species most vulnerable to hunting. To accomplish these goals, 
I addressed the following specific research questions: 
 
1)  How has the Malabo bushmeat market changed over time in relation to 
rapid economic development? (Chapter 2) 
2)  How has the market responded to externalities (e.g. 
environmental/conservation legislation)? (Chapters 2, 3) 
3)  Does the market exhibit any identifiable temporal patterns, and, if so, 
what potential factors might influence these fluctuations? (Chapter 3) 
4)  What is the current conservation status of Bioko red colobus 
(Procolobus pennantii) in the eastern extent of their range? (Chapter 4) 
5)  Does hunting affect monkey abundance and community structure in 
Gran Caldera-Southern Highlands Scientific Reserve (GCSH)? 
(Chapters 4, 5) 
6)  How do ecological factors influence monkey abundance and 
community structure in GCSH? (Chapter 5) 
7)  To what extent do the monkeys of Bioko vary in their vulnerability to 
hunting? (Chapter 5) 
 
 These questions were each addressed in the chapters listed above. This 
introductory chapter presents the context for bushmeat hunting, both globally and in the 
Gulf of Guinea region, as well as providing background on Bioko Island, its primate 
assemblage, and its conservation history. Chapters 2 and 3 present results from analyses 
6 
 
of Bioko Biodiversity Protection Program (BBPP) market data from the Malabo 
bushmeat market between 1997 and 2010. Chapter 2 addresses overall numbers and 
species composition of animals for sale in the market, changes in capture methods over 
time, the relationship between bushmeat carcass rates and income, and the unexpected 
negative effects that unenforced conservation efforts can have on demand for wildlife. In 
Chapter 3, I used the same data to assess seasonal fluctuations in carcass rates and 
evaluate the influence of external factors on market dynamics. Chapter 4 presents results 
from a rapid assessment of primates and hunting in Iladyi valley in southeastern Bioko 
that resulted from consideration of survey data collected for Chapter 5. Chapter 5 
presents results on primate abundance, hunting, and habitat structure in southwest Bioko. 
The final chapter summarizes results from chapters 2-5, discusses the implications for 
primate conservation on Bioko, and provides recommendations for conservation action. 
 
Description of study sites 
Biafran forests and highlands 
The West-African rainforest zone centered between the Cross and Sanaga Rivers, 
including Bioko Island, Equatorial Guinea and the Cameroon Highlands, has long been 
recognized for its unique ecological and biological diversity (Eisentraut 1973; Barthlott et 
al. 1996; Myers et al. 2000; Olson et al. 2001; Oates et al. 2004). One of the driving 
factors behind the region’s diversity patterns is the wide variety of habitats resulting from 
its extensive highland areas. The region includes both widespread, interconnected 
plateaus (e.g. the Bamenda Highlands), as well as isolated peaks, such as Mount 
Cameroon (4,095 m) in southwest Cameroon, and Pico Basilé (3,011 m) on Bioko Island, 
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the insular portion of Equatorial Guinea (Fig. 1.1) (Cable & Cheek 1998; Oates et al. 
2004). Referred to collectively by Bergl et al. (2007) as the Biafran forests and highlands 
(BFH), the region has been identified as a center of biodiversity at both continental 
(Brooks et al. 2001; Oates et al. 2004) and global scales (Myers et al. 2000; Olson et al. 
2001). The BFH form part of the West African Forests biodiversity hotspot, and 
encompass three ecoregions: the Mount Cameroon-Bioko montane forests, the Cameroon 
Highlands, and the Cross-Sanaga-Bioko coastal forests (Olson et al. 2001). High levels of 
species richness and endemism are represented in the BFH across many taxa, such as 
primates (Oates 2011), amphibians (Lawson 1993; Schiotz 1999), birds (Stattersfield et 
al. 1998), and vascular plants (Onana & Cheek 2011).  
 
Location of this study 
 This study was conducted on Bioko Island in the small, Spanish-speaking country 
of the Republic of Equatorial Guinea in Central Africa (Fig. 1.1). Equatorial Guinea 
encompasses roughly 28,052 km
2
, and consists of Rio Muni (26,000 km
2
), along the 
Atlantic coast of the African continent between Cameroon and Gabon, and a number of 
offshore islands. Bioko (2,017 km2) is the largest of the insular sectors, followed by 
Annobon (18 km
2
), Corisco (15 km
2
), Elobey Grande (2.27 km
2
), and Elobey Chico 
(0.19km
2
) (Font Tullot 1951). Bioko is located 37 km southwest of the coast of 
Cameroon between 3°11’-3°50’ North and 8°20’-8°60’. The island is divided into two 
administrative sectors, Bioko Norte, where Malabo, the capital and economic center of 
Equatorial Guinea, is located, and Bioko Sur. 
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 The bushmeat market surveys in this study were conducted at the public market in 
the Semu district in southern Malabo, located approximately 1.5-2 km south of the 
Malabo port. Primate surveys during this study were conducted at a number of sites in 
and around the GCSH in Bioko Sur (Fig. 1.2). The GCSH makes up roughly the southern 
quarter of Bioko, encompassing a total area of 510 km
2
. 
 
Political history 
 Bioko was discovered in 1471 by the Portuguese explorer, Fernando Po, and was 
subsequently colonized by Portugal. Bioko, then known as Fernando Po, was 
relinquished to Spain in 1778, who transferred control to Great Britain from 1827-1844 
(Fa 2000). The British used Malabo, then Port Clarence, as a naval base in their anti-
slaving campaign. The Spanish resumed control after the British tenure, and in 1904, 
joined Rio Muni and Fernando Po into the Western African Territories, later known as 
Spanish Guinea (Fa 2000). Equatorial Guinea gained independence from Spain on 
October 12, 1968, with Francisco Macias Nguema becoming president, and beginning 
one of the most devastating dictatorial regimes in Africa. From 1969-1979, it is estimated 
that 30-50% of the population of Equatorial Guinea was either killed, exiled, or fled the 
country (Butynski & Koster 1989; Kümpel 2006). Macias was overthrown in 1979 in a 
military coup led by his nephew, Teodoro Obiang Nguema Mbasogo, and was later tried 
for treason and executed (Fa 2000). President Obiang has been in power since 1979, and 
leads the dominant political party in Equatorial Guinea, Partido Democrático de Guinea 
Ecuatorial (PDGE), since its inception in 1986. 
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Human population 
 The human population of Equatorial Guinea is estimated to be 704,000 people 
(CIA 2013). This estimate is considerably lower than the available census data, which 
estimates the population at 1,014,999 people in 2001 (Ministério de Planificación 2001). 
Kümpel (2006) suggests that this estimate is likely to be artificially inflated in order to 
obtain increased international aid and notoriety to the country. However, assuming the 
relative proportion of people reported to inhabit particular sectors of the country was 
correct, the population of Rio Muni estimated at approximately 519,872 people, while the 
population of Bioko is roughly 180,656 people. Bioko’s population disproportionately 
inhabits Malabo and its surrounding areas, with an estimated urban population of 137,000 
people (CIA 2013). Population density declines dramatically in the south to <10 
people/km
2. Luba, Bioko’s second largest city, and Riaba are the two largest population 
centers in Bioko Sur. There are a number of smaller villages throughout Bioko, mostly 
through the lowlands (e.g. Rebola, Batete) and up to middling elevations (e.g. Moeria, 
Belebu). Moka is the highest village on the island at an elevation of 1,300 m. Ureca is the 
only village located entirely within one a protected area on Bioko, with an estimated 
population of <80 people, and is located roughly 22 km from the boundary of the GCSH. 
 There are two main ethnic groups on Bioko; the Fang, who originate from Rio 
Muni, and the indigenous Bubi group. The Fang constitute 80% of the of the overall 
population of Equatorial Guinea (Kümpel 2006), and are politically dominant, having 
been in power since independence was gained from Spain in 1968. On Bioko, the Fang 
are in the majority in Malabo, but the population is becoming progressively mixed as 
increasing numbers of foreigners (including Cameroonians, Nigerians, French, Spanish, 
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and Americans) are arriving in response to economic growth. The Bubi make up the 
majority of the population outside of Malabo. A number of other tribes, including the 
Ndowe and Annobonese, are present in Equatorial Guinea, but are found primarily 
outside of Bioko (Kümpel 2006). 
Geologic history and topography 
 Bioko Island is located along the Cameroon Volcanic Line (CVL), an extensive 
highland chain formed in the lower Cretaceous approximately 100 million years ago 
(Emery & Uchupi 1984; Tye 1984). The CVL stretches approximately 1,000 km from 
Lake Chad along a SE-NW axis of continental volcanoes and volcanic islands into the 
Gulf of Guinea (Bioko, Príncipe, São Tomé, and Annobón) (Marzoli et al. 2000; Burke 
2001; Tsafack et al. 2009). Its largest formation, Mount Cameroon, remains the only 
active volcano in West Africa with seven eruptions recorded since 1900 (1909, 1922, 
1954, 1959, 1982, 1999, and 2000); the other major areas of volcanic activity in Africa 
are associated with the East African Rift Valley over 1,800 km away  (Emery & Uchupi 
1984; Tye 1984; Fotso et al. 2001; Suh et al. 2003). The CVL is recognized as unique in 
that its length is nearly halfway divided between the oceanic and continental lithosphere 
(Burke 2001; Tsafack et al. 2009). Mount Cameroon and Pico Basilé are situated on the 
continental side of the lithospheric boundary, with Bioko Island differing from the outer 
Gulf of Guinea islands, which are oceanic in origin and are relatively low elevation 
(Jones 1994; Burke 2001; Tsafack et al. 2009). Bioko Island is separated from Cameroon 
by a 37-km shallow ocean shelf (< 100 m), which until sea levels rose as recently as 
10,000 years ago, formed a land bridge with the African mainland (Jones 1994; Oates et 
al. 2004).  Bioko is the southernmost continental formation, separated from Cameroon, 
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by a shallow ocean shelf, which at various times in history formed a land bridge with the 
African mainland (Jones 1994; Oates et al. 2004). The island is dominated by three 
volcanic peaks (Pico Basilé [3,011 m] in the north, Pico Biao [2,009 m] in the southeast, 
and the Gran Caldera de Luba [2,261 m] in the southwest), which contribute to a 
dramatic topography characterized by steep slopes and deep valleys. Approximately 70% 
of Bioko lies between sea level and 800 m, 29.7 % between 800 m and 2,600 m, and only 
0.3% above 2,600 m (Butynski & Koster 1994). 
 
Climate 
 The climate of Bioko is tropical equatorial, with pronounced differences between 
the dry (November-March) and wet (April-October) seasons. Seasonal rainfall patterns 
are driven by the north-south movement of the Intertropical Convergence Zone (ITCZ) 
(Oates et al., 2004), with peak rainfall between July and September (Nosti 1947; Font 
Tullot 1951; Terán 1962). Annual rainfall exceeds 10,000 mm on the southern coast of 
Bioko, where rain falls in every month (Oates et al. 2004), but declines sharply from 
south to north, with Malabo receiving approximately 2,000 mm per year (Fig. 1.3) (Nosti 
1947; Font Tullot 1951; Terán 1962). 
 The mean annual temperature is 25°C with little seasonal variation (Terán 1962), 
given the region’s proximity to the equator. Mean annual temperature decrease by an 
average of 0.6 °C for every 100 m gained in elevation (Font Tullot 1951), with average 
temperatures of 22.9°C at 555 m (Musola) and 19.1°C at 1,212 m (Moka). Assuming the 
relationship of temperature to elevation holds true, Font Tullot (1951) estimates that the 
summit of Pico Basilé (3,011 m) has an average annual temperature of 8°C. High 
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humidity levels (90-100%) are persistent throughout the year, but are lowest in the wet 
season (Terán 1962). 
 
Vegetation 
 The structure of the vegetation community on Bioko is highly dependent on 
elevation and localized climate variation (e.g., latitude, aspect, proximity to ocean, etc.) 
(Oates et al., 2004), but can be generally classified into altitudinal strata (Table 1.1). The 
predominant vegetation formations are Guineo-Congolian rain forest with Afromontane 
elements at higher elevations (Fa, 2000). Bioko’s forests encompass two ecoregions: the 
Mount Cameroon-Bioko montane forests, and the Cross-Sanaga-Bioko coastal forests 
(Olson et al. 2001).  
 The main vegetation types on Bioko are shown in Figure 1.4. Much of the 
lowland forest north of the GCSH was cleared or degraded by the cacao industry 
(Butynski & Koster 1994), though the majority of plantations have been abandoned since 
independence, and are now reclaimed by secondary growth (Fa 2000). Rainfall is highest 
in the lowland forests on the southern-facing slopes of the GCSH, leading to a 
substantially different vegetation community from lowland forest elsewhere on the 
island. As a result, it is subclassified as monsoon forest (Butynski & Koster 1989). The 
other natural vegetation types on Bioko were spared from human impacts due to 
inhospitable terrain and unsuitable climates for cacao and other agriculture (Butynski & 
Koster 1994). The majority of Bioko’s remaining natural vegetation is located within 
Pico Basilé National Park (PBNP) and GCSH. 
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 Bioko supports a more diverse flora than other Gulf of Guinea islands (Jones 
1994), but due to its continental origins and recent isolation, there is high affinity 
between the plant species of Bioko and western Cameroon (Exell 1973). Figueiredo 
(1994) reports 1105 species and 605 genera within 124 families, but Jones (1994) 
suggests that floral endemism on Bioko is as low as 3%, relative to 10% on Annobón, 
12% on Príncipe, and 16% on São Tomé. Much of this characterization was based on the 
extensive work A.W. Exell (e.g. Exell 1973), but little vegetation work has been 
conducted on Bioko since 1959 (Butynski & Koster 1989). A number of inventories have 
been conducted recently via the Flora de Guinea Ecuatorial project led by the Real Jardín 
Botánico de Madrid, but no comprehensive, island-wide inventory has been made. Most 
importantly, much of the vegetation community of the GCSH has remained understudied, 
if not unexplored, leaving a considerable deficiency in our understanding of its ecology. 
Nevertheless, Figueiredo (1994) identified the 10 most diverse angiosperm families on 
Bioko: Fabaceae, Rubiaceae, Poaceae, Orchidaceae, Euphorbiaceae, Acanthaceae, 
Asteraceae, Cyberaceae, Lamiaceae, and Cucurbitaceae . The largest angiosperm genera 
on Bioko are: Bulbophyllum (Orchidaceae), Polystachya (Orchidaceae), Ficus 
(Moraceae), Cissus (Vitaceae), Begonia (Begoniaceae), Pavetta (Rubiaceae), 
Clerodendron (Verbenaceae), Ipomoea (Convolvulaceae), Psychotria (Rubiaceae), and 
Ouratea (Ochnaceae)(Figueiredo 1994). 
 
Conservation status and taxonomy of the primates of Bioko Island 
 Bioko Island is home to seven species of anthropoid primates (Table 1.1). Of 
these species, five (Colobus satanas satanas, Procolobus pennantii pennantii, 
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Allochrocebus preussi insularis, Cercopithecus erythrotis erythrotis, Mandrillus 
leucophaeus poensis), and possibly the remaining two (Cercopithecus nictitans martini, 
Cercopithecus pogonias pogonias) are subspecies endemic to Bioko Island (Gautier-Hion 
et al. 1999; Grubb et al. 2003; Oates 2011). Gautier-Hion et al. (1999) have suggested 
that C. pogonias pogonias be split into two subspecies, an unnamed mainland form and 
the nominate form from Bioko, though Grubb et al. (2003) were unable to come to a 
resolution. Given this, I refer to the form on Bioko as C. pogonias pogonias, since if two 
subspecies were to be recognized it would retain this nomenclature. The systematic status 
of C. nictitans martini is also uncertain (Grubb et al. 2003), but it is believed to be 
restricted to Bioko (Oates 2011).  
 P. pennantii pennantii may in fact be the first primate species endemic to Bioko, 
but the taxonomy of red colobus in Africa is particularly difficult to resolve (Groves 
2007). Grubb et al. (2003) assigned red colobus to the genus Procolobus, but 
distinguished them from the Olive Colobus in the subgenus Piliocolobus. Grubb et al. 
(2003) also included the forms bouvieri (Bouvier’s red colobus), epieni (Niger Delta red 
colobus), and preussi (Preuss’s red colobus) as discrete subspecies. Groves (2007) 
recognized Procolobus and Piliocolobus as separate genera, and therefore Piliocolobus 
pennantii as a species endemic to Bioko. Here, I accord the Bioko red colobus species 
status, referring to the monkey as Procolobus pennantii. 
 In addition to the anthropoid primates, Bioko is also home to four Strepsirrhine 
taxa (Galagoides demidovii, Galagoides thomasi, Euoticus pallidus pallidus, 
Sciurocheirus alleni alleni), however they were not the focus of this study. Therefore, 
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apart from S. alleni alleni, which occurs sporadically in the Malabo bushmeat market, 
these taxa are not addressed in this thesis. 
 The Red List of the World Conservation Union (IUCN 2013) lists four of the 
anthropoid primates as endangered and three as vulnerable (Table 1.1). It should be noted 
that, in general, species represented on Bioko are considered to less threatened than than 
the subspecific Bioko forms. However, the IUCN, which follows the classification of 
Grubb et al. (2003),considers P. pennantii Critically Endangered, but the Bioko 
subspecies as Endangered. If the P. pennantii is recognized as an endemic species, its 
conservation status would need to be updated. 
 
Conservation and research on Bioko Island 
History of conservation on Bioko Island 
 Contemporary conservation on Bioko Island began in the 1980s with biological 
surveys conducted by T.M. Butynski and S.H. Koster (Butynski & Koster 1994). 
However, the largest presence was that of Los Amigos de Donaña, operating with support 
from the United Nations (Food and Agriculture) and the Cooperacion Espanol. Donaña 
had an extensive research and conservation program (Juste & Fa 1994; Juste & Ibanez 
1994; Fa et al. 1995; Gonzalez-Kirchner 1995; Juste & Delval 1995; Juste et al. 1995; 
Gonzalez-Kirchner 1996a; Gonzalez-Kirchner 1996b; Gonzalez-Kirchner 1997; Fa et al. 
2000; Gonzalez-Kirchner 2004). Unfortunately, Donaña were forced to end their projects 
in January 1998, after being implicated as conspirators in an attempted coup d’etat. 
 Soon after the departure of Donaña, the BBPP was officially formed as an 
academic partnership between the National University of Equatorial Guinea (UNGE) and 
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Beaver College (later Arcadia University). Since 2007, this partnership has been 
maintained through Drexel University. Soon after its inception, the BBPP began 
monitoring bushmeat in the Semu market in Malabo. The BBPP expanded in 1998 to hire 
forest patrols to monitor wildlife in the GCSH, and in 1999 to enumerate nesting sea 
turtles. Although not intended to be long term solutions, these monitoring protocols are 
all still currently in place, and are the only protection afforded Bioko’s wildlife. 
 Beginning in March 2002, with the “Bioko Biodiversity Roundtable” in Malabo, 
Conservation International (CI) has worked with the Government of Equatorial Guinea 
on conservation strategies. The collaboration had some success on the mainland, with few 
results on Bioko, and there are still no management strategies for Bioko’s two protected 
areas. Recently a joint project, originally scheduled to start in June 2010, was initiated by 
the United Nations Development Program, the Global Environmental Facility, and 
Conservation International, as well as a number of other government and non-
governmental organizations in Equatorial Guinea. The project has been rife with 
setbacks, however, and has yet to be implemented. 
 
Protected Areas on Bioko Island 
 Much of Bioko’s biodiversity is contained within two protected areas: Pico Basilé 
National Park (PBNP) and the Gran Caldera-Southern Highlands Scientific Reserve 
(GCSH)(EG 2000). PBNP, in the northern half of the island, encircles Pico Basilé with a 
total area of 330 km
2
 and ranging from approximately 800 m to the summit. The GCSH, 
covers the southern 25% of the island (510 km
2
), encompasses two volcanic peaks, the 
Gran Caldera de Luba and Pico Biao, and covers an elevation range from sea level to 
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2,261 m. These protected areas were designated in the late 1980s (EG 1988), but are not 
actively protected, as there has been no subsequent enforcement. However, due to the 
physical conditions on Bioko, PBNP and the GCSH have been afforded some level of 
natural protection. 
 Apart from the village of Ureca, there are no other permanent human settlements 
within the protected areas, though there are a number of villages along the boundaries of 
both PBNP and GCSH. The majority of the population of Ureca are of the Bubi ethnic 
group, and a substantial number are employed by the Bioko Biodiversity Protection 
Program (BBPP) as field assistants for both primate and turtle surveys. Not only is the 
protection of wildlife directly linked to their employment, they have had restricted access 
to guns and ammunition over time (Fa et al. 2002a). In 1974, the number of guns in 
Ureca was reduced from 25 to 1 when the government confiscated nearly all shotguns on 
Bioko (Butynski & Koster 1994), and gun ownership by Bubis is still currently prohibited 
(Vega et al. 2013). Thus, although they do consume bushmeat, their harvest consists 
primarily of trapped species, and is likely low relative to other villages, especially in the 
case of primates, where shotgun hunting accounts for 99% of all individuals recorded in 
the Malabo market (Cronin et al. 2010). The BBPP has also maintained a continual 
presence in the GCSH since the organization’s inception in 1997 via monthly primate and 
turtle population surveys, an annual expedition to the Gran Caldera, graduate and 
undergraduate student research, and, since 2006, a permanent research facility on the 
GCSH boundary at Moka. 
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Notable Conservation Legislation 
 The first conservation focused legislation in Equatorial Guinea was Ley 8/1988, 
ratified on December 31, 1988, which regulated wildlife and hunting, and established 9 
protected areas throughout the country (EG 1988). Pico Basilé National Park and Gran 
Caladera-Southern Highlands Scientific Reserve on Bioko were originally designated at 
this time. Since that time, there have been three major pieces of legislation relating to the 
hunting, protected areas, and wildlife management in Equatorial Guinea: 
 
Ley N° 4/2000 (22 May 2000): Protected Areas in the Republic of Equatorial 
Guinea Objective: To designate the categories of protected areas and the 
boundaries of individual protected areas throughout Equatorial Guinea (EG 2000). 
 
Law N° 7/2003 (27 November 2003): Environmental Regulation in Equatorial 
Guinea Objective: To establish regulations to protect the environment (EG 2003). 
 
Ley N° 72/2007 (27 October 2007): Hunting and Consumption of Monkeys and 
other Primates in the Republic of Equatorial Guinea Is Prohibited  
Objective: To ban the hunting, sale, and consumption of primates throughout 
Equatorial Guinea (EG 2007). 
 
Research on hunting on Bioko Island 
 Although numerous studies have focused on the dynamics of the Malabo 
bushmeat market, no studies of the direct effects of hunting on wild populations of 
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primates have taken place on Bioko. Butynski and Koster (1994) conducted extensive 
surveys in the late 1980s and early 1990s, providing the contemporary baseline for the 
status of wildlife on Bioko Island. During roughly the same period, J.P. Gonzalez-
Kirchner conducted a considerable number of behavioral and ecological studies on Bioko 
primate species (Gonzalez-Kirchner 1994; Gonzalez-Kirchner 1995, 1996a; Gonzalez-
Kirchner 1996b; Gonzalez-Kirchner 1997, 2004). In 1992, Colell et al. (1994), quantified 
hunter offtake and behavior near Moka. None of these studies attempted to assess the 
impact of hunting on primates by simultaneously conducting surveys of primates and 
quantifying hunting pressure. 
 As a result, the relationship between market data and wild populations on Bioko is 
largely unquantified, and the conservation status of Bioko’s unique primate taxa are 
outdated and remain approximated, at best. For example, the endemic Bioko Pennant’s 
red colobus (Procolobus pennantii) (Groves 2007) is believed to exist in two separate 
populations within the GCSH (Cronin et al. 2010; Oates 2011; IUCN 2013). Despite 
suitable habitat, there has been no confirmed evidence of the southeastern population 
since Colell et al. (1994) reported just one individual taken by hunters in 1992. Thus, it is 
undetermined whether P. pennantii persist, or in southeastern GCSH, or if that population 
has been extirpated. 
 The BBPP has conducted innumerable surveys throughout Bioko, particularly 
within the GCSH, with an emphasis on conservation monitoring in the immediate vicinity 
of the Gran Caldera de Luba (Hearn et al. 2004; Hearn et al. 2006; Cronin et al. 2009; 
Cronin et al. 2010). Primate encounter rates are relatively high compared to sites with 
similar primate communities (Cowlishaw 1999; Waltert et al. 2002; Rovero & Struhsaker 
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2007; Kümpel et al. 2008; Linder & Oates 2011). However, BBPP results suggest that 
primate population trends vary over time in different areas of GCSH. Surveys conducted 
in the vicinity of Moraka Playa, along the southern coast, show that the proportional 
representation of the six resident monkey species (Allochrocebus preussi insularis is 
found only at higher elevations) has remained consistent over time (Cronin et al. 2009). 
Overall, the monkey group encounter rate is also higher at Moraka, than within the Gran 
Caldera de Luba, but there has been a concurrent decline in the overall monkey group 
encounter rate over time at Moraka (Cronin et al. 2009). The disparity in annual monkey 
group encounter rate between the Caldera and Beach trails is likely the result of a number 
of factors. However, the isolated geographical position of the Caldera along with monthly 
BBPP forest patrols probably affords the monkey populations within some level of 
protection. 
 
Threats to primates on Bioko Island 
 The primary threat to Bioko’s wildlife, especially its diurnal primates, is 
overexploitation from bushmeat hunting (Fa 2000; Hearn et al. 2006; Cronin et al. 2010). 
Habitat alteration is also a factor, but it is limited in its effect on much of the island due to 
a combination of inhospitable climate and terrain. Furthermore, although much of the 
primary lowland forest was converted into cocoa plantations in the colonial period of the 
1900s, many of these have been abandoned since independence and are being reclaimed 
by secondary forest (Fa 2000). Development, especially in Bioko Norte, is also driving 
habitat loss, but where occurring, forest clearing is generally of former plantations and 
secondary growth, areas that were already considered heavily defaunated (Butynski & 
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Koster 1994; Albrechtsen et al. 2007). Ultimately, there are large swaths of intact habitat 
in PBNP and GCSH that will remain little affected due to their relative inaccessibility.  
 The threat of hunting in the GCSH has been recently exacerbated with the 
ongoing construction of a highway between Luba and Ureca by way of Belebu (Fig. 1.2). 
This highway will bisect the GCSH, providing hunters with direct access to the southern 
coast of Bioko Island, a critical sea turtle nesting site and the last refuge for core 
populations of all of Bioko’s diurnal primates. The new road effectively removes any 
passive protection via isolation that was afforded the wildlife of the GCSH. 
 
Bushmeat market structure 
 The commercial bushmeat trade is largely perpetrated by the Fang ethnic group 
on Bioko, who make up the majority of the market producers (hunters) (Albrechtsen et al. 
2007), consumers (Reid et al. 2005), and supply chain (Reid et al. 2005). The market has 
a triangle supply structure (hunter-transporter-retailer) that is similar to other regional 
markets (Bowen-Jones et al. 2003; Mendelson et al. 2003; Cowlishaw et al. 2005b; East 
et al. 2005; Fa et al. 2006; Albrechtsen et al. 2007). The majority of hunters sell directly 
to market women (mamás), or to intermediaries, who in turn supply the mamás (Fa 2000; 
Reid et al. 2005). Either way, the supply chain is usually pre-arranged and typically 
involves a small group of people, sometimes family relatives (Reid et al. 2005; 
Albrechtsen et al. 2007). Bubi hunters also sell wildlife to these intermediaries to be 
resold at the Malabo market. Often intermediaries are taxi drivers or a group of the 
mamás themselves, who Reid et al. (2005) suggest are the most important and consistent 
buyers of bushmeat on Bioko. Reid et al. (2005) estimated that there was a network of 
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approximately 45 mamás in total, but that no more than six would be actively selling 
bushmeat at any given time. In the market, transactions between retailers and consumers 
are negotiated between the two participants and no prices are publicly posted (Morra et 
al. 2009). 
 
Economic and dietary role of bushmeat 
 The market for bushmeat on Bioko is unsustainable for the larger-bodied species 
(Fa et al. 1995; Morra et al. 2009), yet, it provides little caloric and economic benefit for 
the overall population of Bioko. As a source of protein, the entire market can account for 
only 4% of the total estimated minimum protein requirement for a population of 100,000 
people (Hearn et al. 2006), with primates accounting for less than 1% (Reid et al. 2005; 
Albrechtsen et al. 2006). Profits from bushmeat make up a fraction of a percent of the 
country’s economy, and are restricted within the triangle supply chain, a group making 
up less than 0.01% of the Equatoguinean population (Reid et al. 2005). 
 A number of alternative protein sources are readily available throughout the 
towns and villages of Bioko (except Ureca, which is inaccessible by vehicle), including 
fish, pork, chicken, and beef, and numerous studies (Reid et al. 2005; Albrechtsen et al. 
2006; Morra et al. 2009; Vega et al. 2013) have corroborated that bushmeat is not a 
significant contributor of protein. Yet, in contrast to prior studies (Albrechtsen et al. 
2006), Morra et al. (2009) and Vega et al. (2013) have indicated that on Bioko, bushmeat 
is a normal good, thus as incomes increase, so does demand. Vega et al. (2013) also noted 
that bushmeat consumption increased significantly after a threshold income of $480/year 
was reached. Profits from bushmeat hunting provide roughly 33% of a hunter’s overall 
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income on Bioko (Vega et al. 2013). Fa (2000) estimated total profits to be approximately 
$480-1,080 USD (240,000-540,000 FCFA) per year. However, recent estimates suggest 
that the average commercial hunter’s income is $1,868 USD (~934,000 FCFA) per year 
(Vega et al. 2013). 
 
Hunting methods 
 Methods for hunting bushmeat can be broadly classified into active pursuit 
hunting (e.g. shotguns) or passive trapping and snaring (Rowcliffe et al. 2003). Gun 
hunting and snaring are the primary hunting methods on Bioko, though hunters have also 
been reported to use machetes (Vega et al. 2013), or dogs when hunting drill (Colell et al. 
1994). Active gun hunting affords greater prey choice, allows for coordination of hunting 
efforts, limits spoilage of game, and is thus favored by professional hunters. Gun hunting 
takes place during both day and night, targeting arboreal species, such as primates and 
birds (Vega et al. 2013) by day, and terrestrial species, like duiker, by night. Night 
hunters use heavy-duty flashlights (D-cell) to seek out and detect prey by their eyeshine.  
 Gun hunting is largely conducted by the Fang, who make up the overwhelming 
majority of professional hunters on Bioko (Reid et al. 2005; Albrechtsen et al. 2007). The 
Bubi are prohibited from gun ownership (Vega et al. 2013). Guns are not typically owned 
by the hunters themselves, but are loaned to them by well-connected military or 
government officials (Reid et al. 2005). The military are occasionally perpetrators of 
bushmeat hunting, in which case they use whatever firearms they have at their disposal 
(pers. obs.). Ammunition for shotguns is readily available in Bioko’s markets at minimal 
cost ($1.60-3.00 USD [800-1,500 FCFA] per cartridge). 
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 Cable snaring is considered the most widespread method of hunting in central 
African forests (Noss 1998). On Bioko, snaring is practiced by most hunters, including 
those that only trap and those that both trap and gun hunt, while only a small proportion 
limit themselves to gun hunting only (Colell et al. 1994). As a group, gun hunters trap 
nearly as much as trappers do, but are often less autonomous than trappers, given the 
commercial nature of gun hunting (Reid et al. 2005). The most commonly used snares all 
employ a spring mechanism, which when set off by an animal (by treading on or passing 
through the trap, or by attempting to remove a bait), a slip knot will tighten around its 
neck or one of its appendages (Colell et al. 1994). Snares are commonly constructed out 
of small trees and saplings, usually from the surrounding area relatively close to the 
where the snare will be placed. Most often the noose is either cheaply available braided 
nylon rope, or steel wire. Snares are typically placed along game trails, around 
agriculture, or along terrain features. Trap lines are sometimes constructed to corral 
game, and occasionally men from villages will coordinate efforts to drive game into areas 
laden with snares (pers. obs.). Fire has also been used to drive game, but this is infrequent 
(F. Muatiche, pers. comm.). Snares are designed to target smaller terrestrial species, like 
Emin’s pouched rat (Cricetomys emini) and the brush-tailed porcupine (Atherurus 
africanus) (Cronin et al. 2010; Vega et al. 2013), but are triggered indiscriminately, and 
can also snare larger taxa, like drill (pers. obs.). 
 Since there is no enforcement of wildlife laws, hunting is practiced openly by gun 
hunters and trappers alike, with both leaving considerable evidence of their efforts and 
offtake. Gun hunters discard shells upon firing, in addition to spent batteries from 
flashlights, remains from eviscerated game, and innumerable liquor bottles. Similar to 
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trappers in the Dja Fanual Reserve in Cameroon (Muchaal & Ngandjui 1999), trappers 
often leave traps unset, but in place, when not in use, ready to be reused. Also, scattered 
throughout the protected areas on Bioko are many hunting camps, varying in permanency 
from an old tarp strung up between two trees, to nearly permanent structures equipped to 
handle over five people, and well-supplied with extra clothes, numerous cooking pots, 
and small plots of taro (Xanthosoma violaseum), bananas (Musa sp.), and plantains 
(Musa sp.) 
 
Description of survey sites 
Bushmeat market surveys 
 All bushmeat market surveys in this study were conducted in the Semu public 
market in Malabo, which receives the majority of game traded on the Island (Colell et al. 
1994; Albrechtsen et al. 2007). Meat was brought into this market consistently 
throughout all months of the year (Fa et al. 1995; Morra et al. 2009; Cronin et al. 2010). 
The market operated year-round, Monday-Saturday, with occasional Sunday activity 
through May 2010. After May 2010, the market also closed sporadically on Tuesdays for 
cleaning. 
 
Primate surveys 
 Surveys of primate abundance, hunting pressure, and habitat structure were 
conducted at three sites within the GCSH: Moraka Playa, Ureca, and Belebu (Fig. 1.5, 
Table 1.2). The location of each of the sites was selected based on increasing remoteness, 
decreasing development, estimated hunting pressure, and feasibility.  
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Moraka Playa 
 Surveys in the southwestern sector GCSH were conducted along 12 
reconnaissance transects (A-L). This site was referred to as “Moraka Playa” due to the 
local name for the beach where one of my campsites was located. Moraka playa was 
roughly 2 days walk from Belebu, the nearest paved road, and has long been the site of 
conservation activities, serving as a base for ecological research conducted by both 
Amigos de Doñana and the BBPP since the early 1990s. Each of the 12 transects was 
oriented east-west and situated perpendicular to major terrain features. Transects were 
arranged at distance intervals of 100 m, 2 km, 4 km, and approximately 7 km from the 
coastline. 
 Transects A-D originated on the access trail between the southern beaches and the 
Gran Caldera de Luba. The access trail ran along the western ridge line of the Gran 
Caldera, parallel to the Rio Ole. The average transect length was 3.13 km, but varied 
between 1.28 and 4.81 km. Transect D deviated from a due west bearing, traveling 
roughly northwest due to the curvature of the coast. As soon as possible, a due west 
bearing was resumed. Due to the nature of the terrain, each transect was surveyed from 
east to west. 
 Transects E, G, I, and K were located between the Rio Ole and the Rio Badja, and 
originated from the Badja Norte access trail originally cut by T.M. Butynski in 2009. The 
access trail ran along the western ridge of the Rio Badja valley, until approximately 2 km 
from the beach, at which point it passed further west following an unnamed western 
tributary of the Badja. The average transect length was 3.59 km, ranging between 2.80-
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4.64 km. Transect K followed a northwest bearing, again due to the curvature of the 
southern coast. Each transect was surveyed from east to west. 
 Transect L began on the eastern side of the Rio Badja 100 km from the beach. 
This transect started on the eastern side of the river because the width and depth of the 
Badja 100 km from the beach prevented a crossing while conducting a survey. Transect L 
averaged 3.71 km in length. Transects F, H, and J originated on the Badja Norte access 
trail, but surveys proceeded to the east until encountering the Rio Badja valley. The 
location of the access trail just west of the valley led the average survey distance to be 
considerably shorter (1.12 km) than the other Moraka transects. Transect J was 
particularly difficult, given the terrain, causing the bearing of the transect to deviate from 
due east as the survey team attempted to find a suitable path. Ultimately, it was decided 
that the team was not able to pass and the census was ended. In order to maintain 
consistency, the same general path was repeated on subsequent surveys, irrespective of its 
diversion from due west. 
 
Ureca 
 Surveys were conducted along six transects (M-R) in close proximity to the 
village of Ureca in southern GCSH. Ureca was roughly 22 km from Belebu, reachable in 
under a day’s walk, but was still inaccessible by vehicle despite road construction. Each 
of the transects was oriented east-west and situated perpendicular to the Belebu-Ureca 
roadcut. Transects M and N were located at the western and eastern extent of the village, 
respectively. The remaining transects were arranged at distance intervals of 2 km and 4 
km from the northern periphery of the village. The average transect length was 3.01 km, 
28 
 
ranging from 2.22-3.89 km. Transects M, O, and Q proceeded to the west, while transects 
N, P, and R proceeded to the east. A number of substantial rivers and valleys descended 
to the sea in the immediate vicinity of Ureca, making passage in the forest along a 
straight line difficult. In a number of places, there was often only one trail over or around 
a particular terrain feature in that area. As a result, transects M, N, Q, and R all had a 
least some portion of their length that deviated from the ideal bearing of either due east or 
west. 
 
Belebu 
 Along the perimeter of GCSH, 8 transects were surveyed in the proximity of the 
village of Belebu. Belebu was easily accessible by vehicle and was under 20 km from 
Luba, Bioko’s second largest city. Each of the transects was oriented east-west and 
situated perpendicular to the Belebu-Ureca road currently under construction. Transects 
were located at distance intervals of 100m, 2 km, 4 km, and approximately 10 km from 
the southern extent of the village. The average transect length was 3.05 km, with a range 
from 1.75-4.25 km. Transects S, U, W, and Y proceeded to the west, while transects T, 
V, X, and Z proceeded to the east. Despite dense vegetation (e.g. tree ferns [Cyathea 
spp.]), surveys were generally able to maintain due east and west bearings. However, in 
the last kilometers of Transect V, a steep ridge was encountered, forcing the survey team 
to traverse southeast to attempt to pass it. No passage was ultimately found and the 
survey was ended. Again, for consistency, this general path was repeated on subsequent 
surveys. 
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Eori/Ariha 
 Surveys conducted in the Iladyi region of southeastern Bioko focused on primate 
abundance and hunting signs, and did not collect data on the habitat structure of the 
survey area. Further explanation of the location of the site and transects within is 
presented in Chapter 4 (Fig. 4.1).  
 The Iladyi surveys were largely conducted along established multiuse footpaths 
located either on the northern (Eori) or southern (Arihá) ridges above the Iladyi River 
between Moka and the southeastern coast. The Eori and Arihá regions are named as such 
due to historic settlements in the region that have since been abandoned (Mate & Colell 
1995). Surveys were also conducted along the Rio Iladyi originating from the coast, as 
well as across Punta Santiago from Arihá to Playa Moaba, the site of BBPP’s turtle 
research activities. The average transect length was 3.29 km, ranging from 1.03-6.20 km. 
The length of each survey was dependent upon logistical constraints, and thus varied 
from survey to survey. 
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Table 1.1: Generalized forest type strata of the Biafran forests and highlands with their 
altitudinal range and characteristic species. 
Forest Type
1
 Altitudinal Range (m)
1
 Common Species
1
 
      
Lowland 
Forest 
0-800 Ficus spp. are dominant; Chlorophora excelsa; 
Chrysophyllum africanum; Strombosia scheffleri; 
Symphonia globulifera; Caesalpinioideae 
(Leguminosae)
1,2,3
 
Submontane 
Forest 
800-1,700 Alangium chinense; Cyathea camerooniana; Cyathea 
manniana; Polyscias fulva; Psydrax dunlapii; Oncoba 
lophocarpa; Oncoba ovalis; Xylopia africana; large 
tracts of monocarpic Acanthaceae (e.g. Mimulopsis 
solmsii); Afromomum spp. and Maranthaceae 
prominent in understory
1
 
Upper 
Montane 
Forest 
1,700-2,500 Schefflera abyssinica; Schefflera mannii; Prunus 
africana; Xymalos monospora; Hypericum revolutum; 
Clausena anisata; Nuxia congesta; Afromomum spp. 
and Maranthaceae prominent in understory
1,4
 
Montane 
Scrub 
2,500-2,800 Erica mannii, Erica tenuicaulis, Aguaria salicifolia; 
Hypericum roeperianum, Hypericum lanceolatum; 
Gnidia glauca, Maesa lanceolata, and Myrica 
arborea
1,3,5
 
Subalpine  
Grassland 
> 2,800 Veronica mannii; Pentaschistis mannii; absence of 
Loudetia simplex; presence of temperate plant genera 
including Helichrysum spp., Geranium spp., Clematis 
spp., Senecio spp., and Solanum spp.
1,3
 
Forest types, altitudinal ranges, and common species are approximated from Cable and 
Cheek (1998).
  1
Cable and Cheek (1998); 
2
Richards (1963); 
3
Fa  (2000); 
4
Richards (1966); 
5
Leuschner (1996). 
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Table 1.2: The primates of Bioko Island, Equatorial Guinea and their degree of threat status at the species 
and subspecies levels (IUCN 2013). Taxonomic classification follows Grubb et al. (2003), except for 
Preuss’s monkey, which is allocated to the genus Allochrocebus following Grubb (2006). Table adapted 
from Butynski et al. (2009). 
Vernacular name Binomial name 
Red list category 
(Species) 
Red list 
category 
(Subspecies) 
Bioko black colobus* Colobus satanas satanas Vulnerable Endangered 
Bioko red colobus*
†
 Procolobus pennantii pennantii Critically Endangered Endangered 
Bioko drill* Mandrillus leucophaeus poensis Endangered Endangered 
Bioko Preuss's monkey* Allochrocebus preussi insularis
††
 Endangered Endangered 
Bioko red-eared monkey* Cercopithecus erythrotis erythrotis Vulnerable Vulnerable 
Crowned monkey Cercopithecus pogonias pogonias Least Concern Vulnerable 
Bioko putty-nosed monkey Cercopithecus nictitans martini Least Concern Vulnerable 
Bioko Allen's galago* Sciurocheirus alleni alleni Least Concern Endangered 
Bioko needle-clawed galago* Euoticus pallidus pallidus Least Concern Endangered 
Demidoff's galago Galagoides demidovii Least Concern n/a 
Thomas's galago Galagoides thomasi Least Concern n/a 
* Recognized by Grubb et al. (2003) as subspecies endemic to Bioko. 
†
Recognized by Groves (2007) as a 
species (Piliocolobus pennantii) endemic to Bioko. 
††
Allocated to the genus Allochrocebus following Grubb 
(2006). 
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Table 1.3: Overview of survey effort, summarized by route (A-Z), zone (Z1-Z11), and 
survey site (Moraka, Ureca, Belebu). Lettered routes correspond with Figure 5. Average 
distances are the average of all surveys conducted on that route. 
 
  
Survey 
Route
Total Surveys 
Conducted
Total Survey Effort 
(km)
Average Survey 
Distance (km)
A 4 5.12 1.28
E 4 11.20 2.80
F 4 3.56 0.89
Z1 Total 12 19.88 1.66
B 6 28.85 4.81
G 6 27.81 4.64
H 6 9.21 1.54
Z2 Total 18 65.87 3.66
C 6 18.38 3.06
I 8 22.47 2.81
J 6 5.54 0.92
Z3 Total 20 46.39 2.32
D 7 23.59 3.37
K 7 28.77 4.11
L 7 26.00 3.71
Z4 Total 21 78.36 3.73
MORAKA 71 210.50 2.96
M 7 21.90 3.13
N 5 16.74 3.35
Z5 Total 12 38.64 3.22
O 6 13.32 2.22
P 5 16.30 3.26
Z6 Total 11 29.62 2.69
Q 5 11.55 2.31
R 5 19.45 3.89
Z7 Total 10 31.00 3.10
URECA 33 99.25 3.01
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Table 1.3 (continued): Overview of survey effort, summarized by route (A-Z), zone 
(Z1-Z11), and survey site (Moraka, Ureca, Belebu). Lettered routes correspond with 
Figure 5. Average distances are the average of all surveys conducted on that route. 
  
Survey 
Route
Total Surveys 
Conducted
Total Survey 
Effort (km)
Average Survey 
Distance (km)
S 3 5.80 1.93
T 3 5.25 1.75
Z8 Total 6 11.05 1.84
U 4 15.03 3.76
V 4 17.01 4.25
Z9 Total 8 32.04 4.01
W 5 18.65 3.73
X 5 11.22 2.24
Z10 Total 10 29.87 2.99
Y 5 14.45 2.89
Z 6 19.26 3.21
Z11 Total 11 33.71 3.06
BELEBU 35 106.67 3.05
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Figure 1.1: Geographic location of the Republic of Equatorial Guinea in central Africa. 
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Figure 1.2: Distribution of major settlements (including Ureca), main roads, 
mountain peaks, and protected areas on Bioko Island.
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Figure 1.3: Annual variation in rainfall at four different locations on Bioko Island. Adapted from Font Tullot (1951). 
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Figure 1.4: Generalized vegetation types on Bioko Island. Adapted from  Zafra-Calvo et 
al. (2010). 
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Figure 1.5: Distribution of survey sites (Moraka Playa, Ureca, and Belebu) and survey 
paths used to assess primate abundance, hunting pressure, and habitat characteristics.   
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Chapter 2: Long term trends in an urban bushmeat market on Bioko Island, 
Equatorial Guinea (1997-2010) 
  
Introduction 
 The harvesting of bushmeat is common throughout the developing world as a 
means for people to meet many of their food and livelihood needs (Fa et al. 2002b; 
Robinson & Bennett 2004; Bennett et al. 2007). In many parts of the African forest zone, 
however, bushmeat hunting has evolved from a subsistence practice to an unsustainable, 
commercialized business (Warchol 2004; Bennett 2011) driven by increasing access to 
firearms, the prevalence of industrial logging, and ultimately, a quickly growing human 
population fueling increasing demand (Robinson & Bennett 2000; Milner-Gulland et al. 
2003; Chapman et al. 2006). In the densely populated Gulf of Guinea forests of central 
Africa, demand for bushmeat is particularly high, hunting is highly commercialized, and 
large mammal populations are at increasing risk of extinction (Fa et al. 2002b; Oates et 
al. 2004; Fa et al. 2006).  
The bushmeat market in Malabo, the capital and commercial center of Equatorial 
Guinea, on Bioko Island, provides an insular laboratory for studying the bushmeat trade 
in central Africa. Bioko Island contains a subset of Gulf of Guinea fauna, including seven 
species of threatened monkeys (Butynski & Koster 1994; Fa et al. 1995), bushmeat 
hunting is extensive (Fa et al. 1995; Albrechtsen et al. 2007; Morra et al. 2009; Cronin et 
al. 2010), and the market supply chain [producer (hunter) – intermediary (taxi-driver) – 
market vendor] is similar to that of other regional markets (Fa et al. 2000; Albrechtsen et 
al. 2007). However, the Malabo market differs from others in important ways. The 
market operates in a small, contained system, supplied by straightforward transit routes 
(Fa et al. 2000), with the majority of consumption restricted to Malabo (Albrechtsen et al. 
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2007). Hunting is largely conducted by migrant commercial hunters almost exclusively 
for profit (Reid et al. 2005; Hearn et al. 2006; Albrechtsen et al. 2007), and although 
there has been much recent development surrounding Malabo, other anthropogenic 
factors (e.g., deforestation) have had limited impact on much of the island’s forests due to 
difficult terrain (Butynski & Koster 1994). Furthermore, the market fulfills only a 
fraction of the dietary and economic needs of the general population (Reid et al. 2005; 
Albrechtsen et al. 2006).  
Government attempts to regulate the bushmeat trade have focused on regulating 
hunter behavior by banning hunting within protected areas (EG 2000) and prohibiting 
take of specific threatened taxa (e.g. monkeys) (EG 2007). Illegal hunting occurs 
extensively though (Cronin et al. 2010; Cronin et al. 2013), as Equatorial Guinea has yet 
to implement any management strategy or enforcement regime. Thus, officially protected 
areas are actually open access forests. Evidence also suggests that in a number of cases, 
bans enacted can have a significant detrimental impact and may be unsuccessful in 
reducing consumption of the commodity in question (Barnes 1996; Miron 1998; Burton 
1999; Rivalan et al. 2007; Biggs et al. 2013). For example, the uplisting of CITES species 
like the black rhino (Diceros bicornis) was followed by increased commercial value of 
rhino horn and ultimately a spike in rhino poaching (Rivalan et al. 2007). 
These aforementioned characteristics of the Malabo market allow me to assess 
how the scope of the market changed over time in relation to rapid economic 
development, using longitudinal data collected by the Bioko Biodiversity Protection 
Program (BBPP), in collaboration with the National University of Equatorial Guinea 
(UNGE) since 1997. I examined numbers and species composition of animals for sale in 
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the market, as well as how carcass volume has responded to externalities, such as 
environmental legislation. I also evaluated the efficacy of a trade ban enacted in the 
robust Malabo bushmeat market operating in a regulatory vacuum.  
 
Methods 
Study area 
 Bioko Island, Equatorial Guinea (2,017 km
2
) is a volcanic, continental island in 
the Gulf of Guinea island chain located 37 km off the coast of Cameroon . The steeply 
vertical island rises to three volcanic peaks (Pico Basilé [3,011 m] in the north; the Gran 
Caldera de Luba [2,261 m] in the southwest; and Pico Biao [2,009 m] in the southeast) in 
fewer than 15 km. The climate is tropical equatorial with a distinction between dry (Nov-
Mar) and wet periods (Apr-Oct) and high variation in localized annual rainfall amounts, 
ranging from over 10 m in the south to 2 m in the north (Nosti 1947). Bioko forms part of 
the West African Forests biodiversity hotspot (Myers et al. 2000), and encompasses two 
ecoregions, the Cross-Sanaga-Bioko coastal forests and, at higher elevations, the Mount 
Cameroon/Bioko montane forests (Olson et al. 2001). The human population is 
concentrated at low elevations and in the northern sector, with population densities 
highest in Malabo (>100 inhabitants km
2
) (Albrechtsen et al. 2006). Most of Bioko 
supports no permanent human settlement, with few villages scattered throughout the 
areas bordering Bioko’s two protected areas, Pico Basilé National Park (PBNP) (330 
km
2
) in the north and the Gran Caldera-Southern Highlands Scientific Reserve (GCSH) 
(510 km
2
) comprising the southern 30% of the island. Ureca (< 80 individuals), in the 
GCSH, is the only village located entirely within a protected area. 
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Market Census 
 Under the auspices of the National University of Equatorial Guinea (UNGE), two 
local contractors recorded data detailing Malabo bushmeat market activity from October 
1997 through September 2010. The market operated year-round, Monday-Saturday, with 
occasional Sunday activity until approximately May 2010, after which the market 
sporadically closed on Tuesdays for cleaning. Data were recorded as game arrived from 
0700 to 1230 and included age (adult, juvenile), condition (alive, smoked, fresh), capture 
method, sex, taxa, origin, and price. I used five predefined taxonomic classifications: 
avian, primate, reptile, rodent, and other mammals (non-primate, non-rodent). Collectors 
recorded both the carcass’s binomial name and Spanish common name. For capture 
method, I determined if the animal was trapped or killed using a shotgun. Carcass origin 
information included whether the carcass was imported – from Rio Muni, the mainland 
sector of Equatorial Guinea, or Cameroon – or captured from Bioko Island and, when 
possible, the region of capture. 
 
Data Analysis 
 I categorized carcass data by taxon, capture method, and geographic origin 
(import or domestic). Species enumerated less than 75 times (e.g., Pan troglodytes) were 
omitted due to rarity. To account for data loss due to a fire in February 2001, I averaged 
data for January and March 2001. I estimated the effect of intervention by testing the 
market response to three major government conservation management efforts punctuating 
the study period: 1) April 2002 - a Biodiversity Roundtable sponsored by Conservation 
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International and the National University of Equatorial Guinea (UNGE); 2) November 
2003- the passing of Ley 7/2003 prohibiting hunting within protected areas; and 3) 
October 2007-the passing of Ley 72/2007 prohibiting the hunting, sale, or consumption 
of primates. Each of these events resulted in changes in average carcass rates, long-term 
temporal trends, and the importance of seasonal variation, and led us to classify data into 
three broad epochs: Early (October 1997 through March 2003), Pre-ban (April 2003 
through October 2007), and Post-ban (November 2007 through September 2010). Epoch 
classifications were subsequently tested by fitting an intervention model (Box & Tiao 
1975), which returned consistent results (Chapter 3). 
 
I partitioned the carcass rate records using the following additive model: 
 
                   (1) 
where 
t = month number from October 1997 - September 2010 
Yt = carcass count per market day 
Tt = the long-term trend component 
St = the seasonal component 
Et = monthly (error) variation component. 
 
Each record was first smoothed with first order locally weighted regression (loess) with 
24 monthly points in the smoothing coefficient to isolate long-term trends (Cleveland 
1979). Residuals were then smoothed with second order loess over 6 monthly points to 
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capture the seasonal and error components. Parallel analysis using the highly constrained 
seasonal-trend decomposition (STL) of Cleveland et al. (1990) gave similar results. All 
statistical analysis was conducted using R (v2.14.2; R Core Development Team 2007)  
and MATLAB (R2011a) (MATLAB 2013); figures via MATLAB and the R package 
ggplot2 (Wickham 2009).  
 
Trend Analysis 
I performed time trend analyses on deseasonalized monthly average carcass rates 
(Tt + Et) for each taxon and each epoch. Because seasonal variation in carcass rates could 
obscure long-term trends and is the subject of a separate analysis (Chapter 3), the 
seasonal component was removed for each taxon. Quadratic regression of carcass rates 
(                    ) on serially numbered months was used to permit curvature of 
trends within epochs. For each taxon and epoch, I also fit a reduced linear regression. I 
retained quadratic terms only when the linear model was significantly worse than the 
quadratic model (Quinn & Keogh 2002). Average change in carcass rate per month 
(hereafter, “slope[s]”) and 95% confidence intervals were calculated for each taxon and 
epoch. Regressions without significant quadratic terms were the slope of the line relating 
carcass rate to month. When the quadratic term was significant, the slope at the midpoint 
of the epoch and its confidence interval were calculated using linear model theory (Rao 
1998). 
Slopes [change in carcass rate per month (                             ] 
for different taxa are almost proportional to the fractional representation of the taxon in 
the total market carcass rate and have been normalized for this effect to be directly 
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compared. The normalization can be performed either by dividing each slope by the 
fraction of the total market carcass rate comprised by the focal taxon or by dividing the 
slope by the ratio of the standard deviations for the entire time series of the respective 
taxa and total carcasses (Bring 1994); both methods gave similar results. I present slopes 
normalized by the ratio of standard deviations because it is slightly more conservative 
when used on uncommon species. 
 I performed a two-factor analysis of variance (ANOVA) to determine how 
capture method and epoch affect capture rate. To reduce residual heteroscedasticity, I log 
transformed capture rates. I then accounted for remaining heteroscedasticity by 
comparing said model to a generalized least squares (GLS) linear regression model that 
allowed different variance structure for each level within each respective factor (Zuur et 
al. 2009). Lastly, correlation was calculated between rates of trapped and shotgunned 
carcasses, with 95% confidence intervals generated via the bootstrap procedure. 
In markets where bushmeat is considered a luxury good, consumption is 
positively correlated with income (Drury 2011). To test this hypothesis on Bioko, I 
compared denoised monthly average carcass rates (Tt + St) with income via linear 
regression. Due to a lack of reliable income data from Equatorial Guinea, I used the 
monthly European Brent Spot Price for crude petroleum in USD per barrel (U.S. Energy 
Information Administration 2012) as a proxy for income, given that approximately 90% 
of Equatoguinean gross domestic product is derived from hydrocarbons 
(AfricanEconomicOutlook.org 2012). Oil prices were then regressed against total, 
shotgunned, and trapped carcasses in each epoch to determine correlation. 
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Results 
Market depiction 
I enumerated 197,169 carcasses over 3,758 market days (Table 2.1) in the Malabo 
market between October 1997 and September 2010. I identified 45 unique species: 7 
avian, 9 primate, 11 reptile, 5 rodent, and 13 non-primate, non-rodent mammal species. 
Most carcasses (81.9%) were fresh (recently killed) when they arrived in the market and 
only 12.6% were smoked. Few animals (5.1%) reached the market alive. Market growth 
was consistent over time, as the mean number of carcasses per market day increased 
steadily over the three epochs: 29.94 (SD 4.94), 50.46 (SD 16.65), and 91.86 (SD 12.11) 
carcasses/day, respectively. 
Rates of trapped and shotgunned carcasses were negatively correlated [r = -0.86 
(95% CI -0.9079,-0.8198)], specifically in the Pre-ban and Post-ban epochs as the market 
grew and became more profit-oriented (Figs. 2.1a, 2. 2). Furthermore, the interaction 
term of capture method and period with carcass rate, in a two-factor ANOVA, was highly 
significant (F2,306 = 227.23, MSE = 0.109, p < 0.001), as mean carcass rates increased for 
both trap and shotgun over the Early and Pre-ban periods, but only increased for shotgun 
Post-ban (Fig. 2.3). 
Domestic carcasses make up the majority of the market volume, but as early as 
September 2003, imported carcasses began occurring regularly at the market (Fig. 2.1b). 
Rates of imported carcasses increased through September 2010, peaking just before the 
end of the study in June 2010. Although the law was not intended to affect other taxa, the 
domestic carcass rate declined rapidly following the passage of the primate hunting ban. 
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The mean carcass rate of primates increased across all three epochs from 4.26 
carcasses/day (SD 1.82) to 9.51 carcasses/day (SD 3.32) and ultimately to 17.11 
carcasses/day (SD 11.25). The primate carcass rate increased across steadily throughout 
Pre-ban, but decreased to nearly zero (0.77 carcasses/day) in November 2007 following 
the passage of the primate hunting ban. Shortly after the decline, the primate carcass rate 
increased rapidly (Figs. 2.1c, 2.2) reaching the a maximum of 37.42 carcasses/day in 
April 2010. From July through September 2010, the primate carcass rate declined by over 
30% to 24.26 carcasess/day. 
 
Carcass numbers and biomass 
By taxonomic groups, 89.4% of carcasses were either rodents (n=80,857, 41.0%), 
ungulates (n=58,699, 30.0%), or primates (n=35,235, 18.0%). Reptiles (n=7,855, 4.0%) 
and birds (n=4,203, 2.0%) represented the other significant groups in the market, both of 
which are increasing in proportion relative to the other taxa in the market. The blue 
duiker (Philantomba monticola) was the most abundant species, representing 25.0% of 
all carcasses, followed by Emin’s pouched rat (Cricetomys emini, 22.6%), the brush-
tailed porcupine (Atherurus africanus, 12.3%), and the Bioko red-eared guenon 
(Cercopithecus erythrotis erythrotis, 9.1%). Of the analyzed species, P. monticola 
(27.9%) and Ogilby’s duiker (Cephalophus ogilbyi) (21.1%) contributed significantly 
greater proportions of the overall market biomass, more than doubling the third highest 
amount contributed by the Bioko drill, Mandrillus leucophaeus poensis (8.2%) (Table 
2.1). Overall, 90.4% of the market biomass consisted of ungulates (49.0%), primates 
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(25.2%), and rodents (16.2%), with the remaining biomass allotted to reptiles (4.9%), and 
birds (1.0%). 
 
Trend analysis 
No significant trend was observed in the Early epoch in total number of carcasses, 
independent of species or taxonomic group (-0.043 carc md
-1
 mo
-1
, CI 0.040) (Fig. 2). 
This lack of trend was present in all aggregate groups. All Pre-ban trends in aggregate 
groups were significantly different from their Early counterparts. Of these aggregate 
groups, only TRP had a decreasing Pre-ban trend (-1.102 carc md
-1
 mo
-1
, CI 0.265) (Fig. 
2). 
Overall, Post-ban demonstrated significant change in the proportional 
representation of taxonomic groups in the market (Figs. 2.1, 2.2). Primates increased at a 
slope nearly 2.6 times greater than other aggregate taxa (3.227 carc md
-1
 mo
-1
, CI 0.285), 
indicative of the rapid post-ban increase in primate carcasses (Fig. 2.2). The rate of 
rodent carcasses decreased in Post-ban (-0.895 carc md
-1
 mo
-1
, CI 0.279) and is 
significantly lower than in Early (0.281 carc md
-1
 mo
-1
, CI 0.082) and Pre-ban (0.968 carc 
md
-1
 mo
-1
, CI 0.114). This is largely related to the decrease seen in trap rates since 59.3% 
of rodents were captured via trapping. Avian carcasses also decreased from Pre-ban 
(0.743 carc md
-1
 mo
-1
, CI 0.119) to Post-ban (-0.493 carc md
-1
 mo
-1
, CI 0.464). For the 
total market, however, the increasing trend in the total number of carcasses during Pre-
ban (0.766 carc md
-1
 mo
-1
, CI 0.089) did not significantly change Post-ban (0.782 carc 
md
-1
 mo
-1
, CI 0.207). 
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Interspecific analysis provided additional insight into the large rate changes in 
Post-ban. Of the seven primate species analyzed (Sciurocheirus alleni was omitted due to 
small sample size), five showed significantly larger slopes in Post-ban compared to the 
other epochs. For instance, in Post-ban, C. erythrotis, which comprised 51.1% of all 
primates, had the largest slope in the analysis (3.475 carc md
-1
 mo
-1
, CI 0.317), 
essentially driving the large Post-ban trend in the primate group. Conversely, C. emini, A. 
africanus, Varanus niloticus, and Manis tricuspis are predominantly trapped (70.2%, 
54.0%, 69.6%, 89.9%, respectively), and influence the rapid decrease in Post-ban 
trapping rates. 
 
Correlation between consumption and increased incomes 
I compared bushmeat carcass rates with income, using oil price as a proxy for 
income, since the majority of the Equatoguinean economy was derived from the 
hydrocarbon sector (AfricanEconomicOutlook.org 2012). Rates of shotgunned carcasses 
were positively correlated with oil price in the Pre-ban and Post-ban periods (Table 2.2). 
 
Discussion 
Bushmeat market surveys are an important method for assessing the extent and 
impact of the commercial bushmeat trade in the African forest zone (Wilkie & Carpenter 
1999; Cowlishaw et al. 2005a; Albrechtsen et al. 2007; Willcox & Nambu 2007). 
However, few market studies are conducted continuously over a significant period of 
time to assess temporal changes in market dynamics (but see Crookes et al. 2005). My 
work represents one of the longest running, continuous studies of bushmeat market 
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dynamics in the west and central African forest zone, encompassing temporal fluctuations 
in climate (multiple wet-dry seasons), economic development (Equatorial Guinea’s 
emergence as a major hydrocarbon exporter), and major socio-political events (attempted 
coups failed in 1998, 2004 and 2009) . Data collected from such longitudinal studies are 
important for inferring temporal changes in hunting intensity, bushmeat demand, and the 
sustainability of wildlife hunting and can be used to gauge the impact of conservation 
initiatives (Fa et al. 2000; Brashares et al. 2004; Crookes et al. 2005). In addition, 
compared with mainland studies, the dynamics of the Malabo market allow us to more 
confidently estimate the approximate catchment area of carcasses for sale, helping to 
overcome some of the limitations of using market surveys to infer sustainability (Crookes 
et al. 2005).  
 My results indicate consistent market growth, concurrent with economic growth. 
As incomes rose (Albrechtsen et al. 2007) and the market grew, the potential profit for 
bushmeat carcasses increased, and accompanied a transition in preferred capture method, 
from trap to shotgun . Gun hunting allows greater prey choice, provides a higher return 
on invested time, and allows the market supply chain better coordination of hunting and 
transport, relative to trapping, a more passive form of hunting (Rowcliffe et al. 2003). 
Hunters can organize efforts to coincide with transport, which when combined with 
greater selectivity, maximizes their potential to deliver fresh carcasses to market. Shotgun 
hunting has also become more affordable over time (Kümpel et al. 2009), allowing 
hunters to target smaller prey (e.g., rodents) without fear of a net loss. For instance, 
adjusting for inflation, one pouched rat (Cricetomys emini), with an average 2010 price of 
3940 FCFA (approximately 7.90 USD), can earn a hunter a profit approximately 27 times 
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the expected profit in 1997. Mainland carcasses also began appearing regularly in the 
market in the Pre-ban period (Fig. 2.1b), suggesting that transport costs are negated as a 
result of high profit potential compared to Nigeria, Cameroon, or Rio Muni (Morra et al. 
2009). Mainland carcasses (e.g., greater cane rats, Thryonomys swinderianus), are now 
commonly shipped to Malabo for sale, aided by routine air and ship travel between Bioko 
and the mainland. 
 The rise in gun hunting has been concurrent with higher carcass rates of Bioko’s 
threatened monkeys (Table 2.1), the taxa which best illustrate the negative effects 
government intervention has had on inhibiting the bushmeat trade (Fig. 2.1c). Following 
the 2002 Biodiversity Roundtable, primate carcass rates more than doubled, beginning a 
steady increase terminated with the enactment of the primate ban in October 2007. The 
Post-ban period began with the immediate crash in primate carcass rates (Fig. 2.1c), as 
Presidential decrees in Equatorial Guinea carry significant weight. However, without 
enforcement, compliance soon gave way to hunting exceeding Pre-ban levels (Fig. 2.1c). 
This pattern suggests a “mardi gras” mentality, in which market players seek to exploit a 
resource before effects of legislation take hold. Suppliers can maximize short-term profits 
by increasing supply to meet demand from consumers who recognize a resource may 
soon be unavailable.  
My data support continuously increasing demand due to higher incomes resulting 
from the petroleum boom (Reid et al. 2005; Albrechtsen et al. 2007), and the emergence 
of a luxury market driven by rising immigration of non-natives (to Bioko) with a cultural 
preference for bushmeat (Fa et al. 2002a; East et al. 2005). Urban population growth and 
high demand have driven up the commercial value of market animals, increased 
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bushmeat profitability, and led to increased commercialization of the overall market. 
Consumers are willing to pay a premium for bushmeat over other sources of animal 
protein (Bowen-Jones et al. 2003; Reid et al. 2005), which normally would preclude non-
luxury consumers from purchasing those goods. However, elsewhere in central Africa, 
even middle class consumers are participating in the market (Bowen-Jones et al. 2003). 
At a similar market in Vietnam (Drury 2011), where bushmeat was considered a superior, 
luxury good, consumption was positively correlated with income. To test this hypothesis 
on Bioko, I compared bushmeat carcass rates with income, using oil price as a proxy for 
income, as approximately 90% of the Equatoguinean gross domestic product was derived 
from hydrocarbons (AfricanEconomicOutlook.org 2012). Rates of shotgunned (i.e. 
“luxury”) carcasses were positively correlated with oil price in the Pre-ban and Post-ban 
periods (Table 2.2), supporting the emergence of a luxury market for bushmeat on Bioko 
as wealth has increased. 
Market growth has varied among taxa. For instance, although the total carcass rate 
increased from Pre-ban to Post-ban, the rate of change in carcass rate per month (slopes) 
of many taxa decreased. Capture of taxa typically taken by shotgun, primates and the 
larger Ogilby’s duiker (Cephalophus ogilbyi) (99% and 79% shotgunned, respectively) 
surged, while, slopes of typically trapped taxa declined (Fig. 2.2). Not all primate taxa 
mirrored the aggregate trend, though, as Pennant’s red colobus (Procolobus pennantii) 
and the Bioko putty-nosed guenon (Cercopithecus nictitans martini), with population 
densities highest in the remote southwest sector of the Gran Caldera-Southern Highlands 
Scientific Reserve (GCSH), showed no significant change in slope from Pre-ban to Post-
ban (Fig. 2.2). The lack of response in P. pennantii and C. nictitans suggests that 
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isolation has protected particular areas of Bioko from significant exploitation, despite an 
intensification of primate hunting elsewhere. Whatever protection is afforded via 
isolation is quickly being stripped away by road development, however, as a highway 
under construction bisects the GCSH, connecting Malabo with the largely unaffected 
southern beaches. Once this important habitat refuge is lost, we can expect to see an 
increase in the numbers of primates and other bushmeat taxa in the Malabo market that 
originate from the remote southern sector of the GCSH.  
Immediate steps, such as enforcement of existing legislation, could be taken by 
the Government of Equatorial Guinea, which may significantly reduce the amount of 
primate hunting and put into effect barriers to the bushmeat trade. The primate hunting 
ban, for instance, includes prohibitive fines (100,000-500,000 FCFA/monkey) (EG 2007) 
which, if enforced, would deter hunters by threatening a significant portion of their 
annual hunting income (240,000-540,000 FCFA) (Fa et al. 2000). Enforcement could 
begin at preexisting roadblocks on the two direct routes between catchment areas and 
Malabo, controlling the transport of primate carcasses via confiscation and fines 
(Cowlishaw et al. 2005a; Macdonald et al. 2012). The most practical solution, however, 
would be the implementation of forest guards (Bennett 2011), a successful strategy, that 
has been linked to reductions in hunting and improved effectiveness of protected areas 
(Bruner et al. 2001; Rowcliffe et al. 2004; de Merode & Cowlishaw 2006; Hilborn et al. 
2006; Corlett 2007; Campbell et al. 2011; Tranquilli et al. 2012).  
Ultimately, for any enforcement strategy to be successful, it must have support 
from the government (Corlett 2007; Bennett 2011). My data document that in light of 
conservation planning and legislation, the bushmeat market on Bioko is growing, 
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becoming more commercial, and is increasingly detrimental to Bioko’s primates (Cronin 
et al. 2010). The data also suggest that action by the Equatoguinean government can 
strongly affect the dynamics of the bushmeat market. The response of the market 
following the passage of the primate hunting ban, where the number of primate carcasses 
in the market dropped to nearly zero, illustrates that the government can strongly affect 
bushmeat marketing. Fortunately, primate densities in areas on Bioko are still relatively 
high (Cronin et al. 2010). Thus, with sufficient political will, collaborative conservation 
efforts via institutions like UNGE, working with communities, law enforcement, and 
governmental officials could be successful, and Bioko could become a beacon for 
conservation in the region. Nevertheless, My data indicate that without enforcement, 
legislation and management efforts are in vain, as they lead to increased consumption. 
 The trends presented here cannot persist indefinitely.  Under pressure from human 
population growth and increasing development, demand for bushmeat will continue to 
rise. Prey populations, especially those of primates, will collapse in the face of increasing 
offtake levels. Effective solutions must be implemented in the immediate future, 
irrespective of the chosen strategy, in order to significantly reduce the extinction risk face 
by Bioko’s primates.
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Table 2.1: Summary of the species, total carcass number and biomass (kg) for carcasses entering the Malabo 
market from Oct. 1997 - Sept. 2010. 
 
 
Species Common Name Status
†
Mass Source
‡
n Biomass
(kg) (kg)
Artiodactyla
  Cephalophus ogilbyi ogilbyi a Ogilby's Duiker LC 19.5 1.00 9,381     182,930  
  Philantomba monticola a Blue Duiker LC 4.9 1.00 49,318   241,658  
  Potamochoerus porcus d Red River Hog LC 80.0 0.00 266        21,280   
   Group Totals 0.99 58,965   445,868  
Aves
  Ceratogymna atrata b Black-casqued Hornbill LC 1.5 1.00 1,473     2,210     
  Corythaeola cristata b Great Blue Turaco LC 1.2 1.00 2,259     2,711     
  Gypohierax angolensis c Palm-nut Vulture LC 2.0 0.99 391        782        
   Group Totals 1.00 4,123     5,702     
Carnivora
  Genetta servalina a Servaline Genet LC 2.5 0.00 40          100        
  Poiana richardsonii a African Linsang LC 0.6 0.11 588        353        
   Group Totals 0.10 628        453        
Hyracoidea
  Dendrohyrax dorsalis d Western Tree Hyrax LC 3.0 1.00 1,553     4,659     
Pholidota
  Manis tricuspis a Tree Pangolin NT 1.5 0.50 6,302     9,453     
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Table 2.1 (continued): Summary of the species, total carcass number and biomass (kg) for carcasses 
entering the Malabo market from Oct. 1997 - Sept. 2010. 
 
  
Species Common Name Status
†
Mass Source
‡
n Biomass
(kg) (kg)
Primates
  Allochrocebus preussi insularis* e Bioko Preuss's Monkey EN 4.5 1.00 2,142     9,639     
  Cercopithecus erythrotis erythrotis* e Bioko Red-eared Monkey VU 3.4 1.00 17,997   61,190   
  Cercopithecus nictitans martini e Stampfli's Putty-Nosed Monkey LC 4.6 0.98 336        1,546     
  Cercopithecus pogonias pogonias e Golden-bellied Crowned Monkey LC 3.3 1.00 2,720     8,840     
  Colobus satanas satanas* e Bioko Black Colobus VU 9.3 1.00 5,122     47,379   
  Mandrillus leucophaeus poensis* e Bioko Drill EN 14.3 1.00 5,004     71,307   
  Procolobus pennantii** f Pennant's Red Colobus CR 10.5 1.00 1,754     18,417   
  Sciurocheirus alleni alleni* a Bioko Allen's Galago LC 0.3 1.00 160        42          
   Group Totals 1.00 35,235   218,359  
Reptilia
  Kinyxis erosa b Serrated Hinge-back Tortoise DD 1.0 0.00 3,323     3,323     
  Osteolaemus tetraspis b Dwarf Crocodile VU 7.5 0.00 1,913     14,348   
  Python sebae c African Rock Python DD 13.8 1.00 1,001     13,841   
  Varanus niloticus b Nile Monitor DD 6.5 0.45 1,618     10,517   
   Group Totals 0.21 7,855     42,029   
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Table 2.1 (continued): Summary of the species, total carcass number and biomass (kg) for carcasses 
entering the Malabo market from Oct. 1997 - Sept. 2010. 
Species Common Name Status
†
Mass Source
‡
n Biomass
(kg) (kg)
Rodentia
  Atherurus africanus a African Brush-tailed Porcupine LC 2.8 0.91 24,302   68,799   
  Cricetomys emini a Emin's Pouched Rat LC 1.1 1.00 44,624   50,871   
  Protoxerus stangeri d African Giant Squirrel LC 0.8 1.00 9,967     7,675     
  Thryonomys swinderianus d Greater Cane Rat LC 6.7 0.00 1,914     12,728   
   Group Totals 0.95 80,807   140,073  
Totals Totals 0.93 195,468  866,595  
Biomass values taken from: a  Fa and Purvis 1997, b  Juste et al. 1995, c  Willcox and Nambu 2007, d  Kingdon 1997, e  
Butynski et al. 2009, f Groves 2007. Values from Butynski et al. 2009 are an average of the reported weights for both 
sexes. † Adapted from The IUCN Red List of Threatened Species: CR critically endangered, EN endangered, NT near 
threatened, VU vulnerable, LC least concern, DD data deficient. ‡ Proportion of carcasses from Bioko compared to 
Mainland. * Recognized by Grubb et al. (2003) as subspecies endemic to Bioko. ** Recognized by Groves (2007) as 
species endemic to Bioko.
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Table 2.2: Regression of average carcass rates for total, shotgunned, and 
trapped carcasses with oil prices as a proxy for income in Early, Pre-ban, 
and Post-ban epochs. 
Taxa Epoch Intercept Slope R2 p 
Total Early 35.40 -0.249 0.151 0.07 
Total Pre-ban 15.96 0.619 0.597 0.00* 
Total Post-ban 96.83 -0.233 0.256 0.09 
Total All 19.76 0.605 0.610 0.00* 
Shotgun Early 13.19 -0.141 0.107 0.14 
Shotgun Pre-ban -18.61 0.820 0.605 0.00* 
Shotgun Post-ban 91.35 -0.363 0.332 0.05 
Shotgun All -2.39 0.643 0.536 0.00* 
Trap Early 21.81 -0.171 0.161 0.06 
Trap Pre-ban 33.71 -0.188 0.117 0.16 
Trap Post-ban 5.33 0.131 0.448 0.02* 
Trap All 20.25 -0.014 0.003 0.69 
* indicates significance level p < 0.05. 
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Figure 2.1: Time series plots of the carcass rates (carcasses/market day) for (A) total 
number of carcasses and the number of carcasses captured by shotgun or trap, (B) the 
number of domestic (island), and (C) the number of primate carcasses. Vertical lines 
delineate epochs. The transition between Pre-ban and Post-ban also coincides with the 
passing of the October 2007 primate hunting ban. 
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Figure 2.2: Average change in carcass rate per month (slopes) and 95% confidence 
intervals for each aggregation, taxon, and epoch. Included for analysis were all species 
originating on Bioko that comprised >0.01% of the total market biomass (arbitrary 
threshold). Slopes were normalized by the ratio of standard deviations for the entire time 
series of the respective taxa and total carcasses in order to directly compare the fractional 
representation of the taxon in the total market carcass rate. No imported species were 
included for analysis. 
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Figure 2.3: Interaction plots of a two-factor analysis of variance (ANOVA) showing the 
effect of capture method (i.e., shotgun or trap) and epoch on carcass rates. We performed 
a two-factor analysis of variance (ANOVA) to determine how capture method and epoch 
affect rates. Capture rates have been log transformed to reduce residual 
heteroscedasticity.  
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Chapter 3: Use of Market Data to Assess Seasonal Dynamics in the Malabo 
Bushmeat Market, Bioko Island, Equatorial Guinea 
  
Introduction 
 The hunting of wild animals for consumption, or bushmeat, is widespread 
throughout the tropics (Robinson & Bennett 2000), and is especially extensive in the 
forests of the Gulf of Guinea in central Africa (Fa et al. 2006). Bushmeat hunting in the 
Gulf of Guinea is unsustainable for many species (Robinson & Bennett 2000; Fa et al. 
2005; Morra et al. 2009) and is considered the primary threat to relatively large-bodied 
animals in the region (Bennett et al. 2007). Overhunting not only threatens the 
persistence of biodiversity in the region, it also endangers the welfare of those for whom 
bushmeat is an economic and/or dietary necessity (Milner-Gulland et al. 2003). It is 
critical, then, to understand the processes surrounding bushmeat hunting and trade 
patterns, if one is to effectively apply conservation activities and management strategies. 
By doing so, resource managers may be able to avoid ecological collapse (Wilkie et al. 
2011), as well as the negative cascading effects for both humans (Bowen-Jones et al. 
2003; Fa et al. 2004) and the environment (Oates et al. 2000; Peres 2000; Vanthomme et 
al. 2010; Abernethy et al. 2013) resulting from overexploitation. 
 Bushmeat markets and the hunting patterns that supply them are highly dynamic 
systems affected by a number of external factors. Bushmeat can be subject to legislation, 
typically via exclusion of hunting from protected areas, general prohibitions on hunting 
of certain animals, or in the form of hunting seasons (Cowlishaw et al. 2005b). Bushmeat 
is an open access resource though, and thus production costs are low (Fa & Brown 2009), 
making the trade attractive to rural poor (Kümpel et al. 2010). Low barriers to 
participation in the trade (Brown & Williams 2003) also allow hunting to be a fall-back 
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income source in agriculturally (Brashares et al. 2011) and economically (Kümpel et al. 
2009; Gill et al. 2012) lean times. Fluctuating demand can play a major role in shaping 
the bushmeat economy due to consumer preference for particular species (Lahm 1993; Fa 
et al. 2002a) and increased consumption surrounding special events (Mendelson et al. 
2003; Kümpel 2006). Abiotic factors, such as rainfall, can also seasonally affect 
bushmeat dynamics by limiting forest accessibility (Lahm 1993; Juste et al. 1995; D. 
Cronin, per. obs.) or altering susceptibility of prey species to capture (Muchaal & 
Ngandjui 1999; Allebone-Webb et al. 2011). Often, these factors are inextricably linked, 
as seasonal climate patterns dictate agricultural and development activities (e.g. 
construction), which, in turn, can affect bushmeat hunting and consumption (Brashares et 
al. 2011). 
 Bioko Island, Equatorial Guinea (Fig. 3.1) has long been recognized as a 
conservation hotspot (Oates 1996a; Myers et al. 2000), but bushmeat hunting on the 
island is extensive (Chapters 4, 5) and unsustainable for the relatively larger-bodied 
mammals (Fa et al. 1995; Morra et al. 2009). The bushmeat market in Malabo, the 
Equatoguinean capital, offers an opportunity to study the effects of this illegal trade in a 
system similar to others in central Africa (Albrechtsen et al. 2007), but self-contained 
within insular borders, limiting complications from a large catchment area (Crookes et al. 
2005). The market is also distinguished by its uncomplicated supply routes (Fa et al. 
2000), the restriction of commercial consumption largely to Malabo (Albrechtsen et al. 
2007), limited confounding factors (e.g. deforestation) (Butynski & Koster 1994), and a 
predominance of non-indigenous commercial hunters (Reid et al. 2005; Albrechtsen et al. 
2007).  
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 Past studies of bushmeat markets on Bioko have indicated, among other trends, 
market growth over time (Fa et al. 2000) and lower numbers of carcasses in the market 
during the rainy season (Juste et al. 1995). Much of this prior work was based on short-
term snapshots, however, which can fail to account for the effect of long-term trends (e.g. 
gradual, but dramatic market growth, interspecific variation in response to externalities) 
(Chapter 2). Moreover, these studies were conducted prior to dramatic changes following 
the emergence of the Equatoguinean economy. The gross domestic product of Equatorial 
Guinea, for example, has increased by over 235% since 2004 (World Bank 2013b), when 
Albrechtsen et al. (2006) concluded data collection. Therefore, prior work, although 
comprehensive, does not capture recent market growth (Chapter 2), as well as 
contemporary and longitudinal trends. 
 The Bioko Biodiversity Protection Program (BBPP), in collaboration with the 
National University of Equatorial Guinea (UNGE), has collected survey data in the 
Malabo market continuously since October 1997. These data indicated that the market 
has grown significantly over time, more than doubling in size since 1997, and pointed to 
conservation efforts lacking enforcement capabilities as having had a negative effect on 
rates of carcasses in the market (see Chapter 2). The occurrence of particular species in 
the market can also indicate the intensity of hunting in particular areas of Bioko. I used 
the longitudinal data collected by the BBPP to assess seasonal fluctuations in carcass 
rates, and by proxy, patterns in hunting behavior on Bioko. I evaluated the influence of 
external factors on market dynamics and assessed the consistency of patterns over time. I 
explored the possible correlation between average rainfall and carcass rates, and 
examined the similarity between taxon-specific seasonal patterns. Effective conservation 
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remains a critical step in order to avert the loss of biodiversity on Bioko (Fa 2000; Cronin 
et al. 2010), and an understanding of seasonal patterns can be important to the planning 
of enforcement activities and formulation of management strategies.  
 
Methods 
Study area 
 Bioko Island, Equatorial Guinea (2,017 km
2
) is a volcanic, continental shelf island 
located just 37 km off the coast of Cameroon (Fig. 3.1). Its geologic origins lend it a 
steep, vertical terrain characterized by deep valleys and dominated by the Pico Basilé 
(3,011 m) massif in the north. Just over 40% of the island is considered legally protected, 
contained within either Pico Basilé National Park (PBNP) (330 km
2
) in the north or Gran 
Caldera-Southern Highlands Scientific Reserve (GCSH) (510 km
2
) in the south (Fig 1). 
The vegetation is Guineo-Congolian, with elements of both the Cross-Sanaga-Bioko 
coastal forest and Mount Cameroon and Bioko montane forest ecoregions (Olson et al. 
2001). The southern extent of Bioko is considered one of the wettest places in the world, 
receiving over 10,500 mm of rain per annum, whereas much of the island to the north 
receives roughly 2,000-2,500 mm (Nosti 1947; Font Tullot 1951). There are distinct dry 
(November-March) and wet (April-October) periods, with a typical rainfall maximum in 
September and a minimum in January.  
 The majority of the island’s population lives in the north of the island, with 
human population density highest in the capital, Malabo (Albrechtsen et al. 2006). Luba 
and Riaba are the principal cities in southern Bioko, but both are considerably smaller 
than Malabo. Due to a combination of inhospitable climate and difficult terrain, much of 
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the island supports no permanent human settlements. Two major ethnic groups make up 
the majority of Bioko’s population; the indigenous Bubi, and the Fang who originate 
from the continental sector of Equatorial Guinea, Rio Muni. The Fang are politically-
dominant, have a tradition of hunting bushmeat, and make up most of the professional 
hunters on the island (Fa 2000; Reid et al. 2005). The Bubi group are predominantly 
agriculturalists (Colell et al. 1994), and are prohibited from gun ownership following a 
political uprising in early 1998. 
 
Data collection 
 Local contractors working under supervision from the UNGE recorded data 
detailing Malabo bushmeat market activity from October 1997 to September 2010. Over 
the course of the study period, the market operated year-round, Monday-Saturday, with 
occasional Sunday activity through May 2010, and sporadic Tuesday closures after May 
2010. Information was on all carcasses arriving at the market from approximately 7:00-
12:30. Data collected for each carcass included approximate age (adult, juvenile), carcass 
condition (alive, smoked, fresh), capture method (trap, shotgun), sex, taxa, origin, and 
price. I then used five predefined taxonomic classifications: avian, primate, reptile, 
rodent, and other mammals (non-primate, non-rodent). Both the binomial name and 
Spanish common name were recorded for each carcass. All carcasses were classified as 
either “domestic”, if they originated on Bioko, or “import”, if they originated elsewhere 
(e.g. Cameroon). As I investigated hunting patterns on Bioko, only domestic carcasses 
were considered in all analyses. 
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Intervention analysis 
 To identify significant changes in the behavior of the Malabo bushmeat market, I 
fit an intervention model (Box & Tiao 1975) to the time series by designating notable 
events (e.g. political unrest, conservation legislation) as external market interventions. In 
this model, an “intervention” was an external event that interrupted the otherwise normal 
process of the time series, thus allowing me to quantify the effect of the intervention on a 
given market carcass rate. Identifying changes in market dynamics allowed us to define 
time periods (epochs) within the overall series that shared similar market traits. Because 
hunting has had the greatest effect on primates (Chapter 2), the major driver of 
conservation efforts, the primate time series and intervention model were used to 
designate epochs and will be described here. The square root of the primate series was fit 
with a seasonal autoregressive integrated moving average (SARIMA) (Box et al. 2008) 
model using data collected prior to November 2007, when a primate hunting ban was 
passed (EG 2007) that significantly altered market dynamics. Model parameters were 
chosen by evaluating residual normality, autocorrelation at various lags, and a Ljung-Box 
test statistic. The resulting model was      (       (        . Five interventions were 
then analyzed as external influences using the same seasonal ARIMA model, but for the 
full series (through September 2010). The five interventions were 1) a January 1998 
political uprising (manifested in February); 2) the passage of Ley num. 4/2000 in May 
2000 updating the designation of protected areas (EG 2000); 3) a Conservation 
International/BBPP Bushmeat Roundtable in April 2002; 4) the passage of Ley num. 
7/2003, an environmental regulatory law in November 2003 (EG 2003); and 5) the 
passage of Ley num. 72/2007 in October 2007 (manifested in November) banning the 
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hunting of primates (EG 2007). The 5/2000 (protected areas) law was not significant, 
resulting in the following intervention functions: 
                                          
  
(      
   
where B is a backshift operator,    are weights,    is a pulse function, and    is a step 
function.  The 2/1998 coup resulted in a (      pulse function meaning its effect was 
short lived. The other three interventions were step functions (i.e. an additive change in 
the mean) with a decay, or gradual return to the behavior characteristic of the overall 
series. The decay function, represented by   , is a measure of how gradual the decay 
changes. 
 
Seasonal decomposition 
 I decomposed all square root transformed taxa series into trend, seasonal, and 
error components using two locally weighted smoothers (loess) (Cleveland 1979). First, I 
identified and replaced outliers, values in the 1
st
 or 99
th
 percentiles of the particular 
taxon’s data, with values from their respective 5th and 95th percentiles. Although different 
from the outlier replacement method used by X-12, in which outliers are identified and 
replaced by the average of the two neighboring values, weighted based on the extremity 
of the value, and then repeated iteratively to a final estimate, the objective was the same, 
since the priority was decomposing the time series. By eliminating outliers I was able to 
facilitate more robust smoothing to more accurately identify the underlying signal and 
prevent subsequent inaccurate hypothesis testing due to extreme values. I then measured 
the trend component and subtracted it from the series. Next, I employed a second loess 
smoother to calculate the seasonal component. This resulted in the following model: 
69 
 
 
 
 
                    (1) 
where 
t = month number from October 1997 - September 2010 
Yt = carcass count per market day 
Tt = the long-term trend component 
St = the seasonal component 
Et = monthly (error) variation component. 
 
Smoothing parameters were chosen with the goal of residual normality, tested using the 
Shapiro-Wilk significance test, and a lack significant yearly autocorrelation (at lag=12 
months) in the error component, i.e. if     was outside the bounds of      , it was 
considered significant. Thus, I used the following parameters to decompose all taxa: a 
first order, 35 month window and a second order 11 month window for the trend and 
seasonal smoothers, respectively. 
 
Tests for seasonality 
 Because the dynamics of the market varied over time, I partitioned the seasonal 
signals into epochs using the periods defined in Chapter 2, which were consistent with 
the intervention analysis described above, to determine whether seasonality was present. 
In accordance with the testing procedure used in the X-12 ARIMA algorithm (U.S. 
Census Bureau), three hypothesis tests were performed for all taxa and epochs: (1) a 1-
factor (month) ANOVA on detrended capture rates to test for stable seasonality, (2) a 2-
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factor (month and year) ANOVA on the same data to test for moving seasonality 
(Higginson 1975), and (3) a non-parametric Kruskal-Wallis test (with month as a factor) 
to verify stable seasonality (Lothian & Morry 1978). The tests for stable seasonality 
determined if repeatable monthly differences were present with respect to carcass rates, 
whereas the test for moving seasonality tested for yearly differences in the seasonal 
pattern of detrended carcass rates. Significant tests for stable seasonality and a non-
significant test for moving seasonality implied stable monthly variation that was 
consistent across years. Significance thresholds were consistent with the X-12 protocol: 
p=0.001 for the stable seasonality ANOVA, p=0.05 for the moving seasonality ANOVA, 
and p=0.01 for the Kruskal-Wallis test. I also performed a Fourier analysis, transforming 
the seasonal signals from each taxa and epochs 1 and 2 (Post-ban was omitted due to 
length). Power corresponding to a 12 month period was recorded and compared between 
taxa. 
 
Correlation of hunting and rainfall 
 Seasonality in hunting patterns has been linked to rainfall patterns (Kalivesse 
1991; Lahm 1993; Muchaal & Ngandjui 1999; Kümpel 2006; Bhupathy et al. 2013). 
Because Bioko has very high amounts of rainfall, I investigated whether hunting patterns 
were correlated with rainfall; however, due to a lack of reliable rainfall data for the entire 
duration of the study period, I was limited to using monthly mean rainfall values garnered 
from Nosti (1947), Font Tullot (1951), and Terán (1962). I plotted the taxa that exhibited 
seasonal patterns against a calculated average of overall island rainfall garnered from data 
collected at a number of sites throughout Bioko in the mid-1900s (Nosti 1947; Font 
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Tullot 1951; Terán 1962). Although, it has been suggested that the majority of carcasses 
in Malabo originate in the southern extent of Bioko (Albrechtsen et al. 2007), hunting 
intensity around Ureca and southwestern Bioko is relatively low (Chapter 5). I 
consequently excluded rainfall data from Ureca, as that would have less of an effect on 
the overall hunting island-wide hunting pattern. I then averaged all the remaining rainfall 
datasets to get an average “island” rainfall pattern. Island average rainfall and the trends 
for all taxa exhibiting seasonality were then standardized (ystd) to a scale of 0-1 for 
plotting and clarity by Equation 2. 
      
(         
(             
 (2) 
 
Monthly rainfall values were paired against monthly trend values for seasonal taxa, and 
were analyzed using Pearson’s product-moment correlation. All statistical analyses were 
conducted using R (v3.0.1; R Development Core Team 2013). 
 
Results 
Market description and species representation 
A total of 180,723 domestic carcasses were counted, 74.8% of which were either 
rodents (42.4%), ungulates (32.4%), or primates (19.4%)  (Table 3.1). The most abundant 
species was the blue duiker (Philantomba monticola), representing 27.2% of all 
carcasses, followed by Emin’s pouched rat (Cricetomys emini, 24.6%), and the brush-
tailed porcupine (Atherurus africanus, 12.3%). The Bioko red-eared monkey 
(Cercopithecus erythrotis) was the fourth most common species (9.9%), but was by far 
the most numerous primate, accounting for over half of all primates in the market 
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(51.1%). The estimated total market biomass was 795,733 kg, of which 95.8% was 
attributed to ungulates (53.2%), primates (27.3%), and rodents (15.2%). P. monticola 
(30.3%) and Ogilby’s duiker (Cephalophus ogilbyi) (23.0%) contributed significantly 
greater proportions of the overall market biomass than other species. Due to its large 
body size, the Bioko drill (Mandrillus leucophaeus poensis) contributed the most of any 
primate to the market biomass (Table 3.1). See Chapter 2 for a more in depth breakdown 
of the numbers of total carcasses in the market and species represented. 
 
Intervention analysis 
The      (       (          modeled the effect of the external events on the 
market, selecting whether at each intervention there was a change that significantly 
interrupted the otherwise stable market behavior of the primate carcass rate. The model 
indicated that four out of the five notable events during the study period significantly 
altered market dynamics (RMSE 0.323; AIC 115.03) (Fig. 3.2). The 2/1998 coup was 
excluded from consideration as an epoch break point since its effect, a decrease in carcass 
rates, was short-lived. Although both the 3/2002 bushmeat roundtable and the 11/2003 
environmental legislation significantly affected primate carcass rates, I selected a break 
point of 4/2003 for the Early-Pre-ban break point due to the behavior of the overall 
market. I believe this break point to be more reflective of the overall market behavior, 
and not only that of the primate group. The primate hunting ban was the most dramatic 
market intervention, decreasing the primate carcass rate by 87.81% (95% CI: 79.75, 
95.88) between October and November 2007 (Fig. 3.2) followed by a steep increase in 
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primate carcass rates through July 2010. Although not intended to do so, the primate 
hunting ban also significantly changed the dynamics of the overall market (Chapter 2). 
 
Seasonality tests 
 I identified seasonality in domestic taxa via three hypothesis tests, which all 
needed to be significant in order for a taxon/aggregation to be considered seasonal. 
Seasonality was observed in trapped carcasses or taxa typically taken by trap, but not in 
any taxa or group primarily taken by shotgun (Fig. 3.3). Stable seasonal patterns (i.e. 
consistent monthly variation across years) were only apparent in Pre-ban. Significance 
thresholds for the hypothesis tests were fairly conservative, and may be susceptible to 
Type-II error. Some taxa, for example, visually exhibited a seasonal pattern (e.g. C. emini 
in Pre-ban; Fig. 3.4), but were more prone to outliers and high variance, possibly 
explaining their lack of significance in the two parametric hypothesis tests. It should be 
noted that data were also analyzed via naïve loess (Martinez & Martinez 2007) and STL 
(Cleveland et al. 1990), which returned results consistent with X-12 analyses. Thus, 
irrespective of the method, similar patterns arose, suggesting that there is likely some 
reality to the visually evident seasonal patterns. 
 
Correlation of rainfall and hunting 
 Results suggest a relationship between seasonal hunting and average rainfall in 
several taxa in epochs 1 and 3, and a strong correlation with all seasonal taxa in Pre-ban 
(Fig. 3.5, Table 3.2). The Early period was the least strongly correlated epoch with 
average rainfall, though P. monticola did exhibit moderate correlation. In Pre-ban, all 
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taxa were correlated with rainfall, especially A. africanus and P. monticola. Most 
consistent patterns are lost in Post-ban, though A. africanus rates were still highly 
correlated with rainfall data. Although, the degree to which seasonal patterns of A. 
africanus and P. monticola correlate with rainfall has varied across epochs, they appear 
to be the most consistently linked to rainfall. 
  
Discussion 
 Bushmeat market surveys are an important and cost-effective tool for assessing 
the extent and dynamics of the commercial bushmeat trade in the African forest zone 
(Wilkie & Carpenter 1999; Cowlishaw et al. 2005a; Albrechtsen et al. 2007; Willcox & 
Nambu 2007; Allebone-Webb et al. 2011). This dataset represents one of the longest-
running, continuous studies of bushmeat market dynamics in west and central Africa, 
which in prior analyses (Chapter 2), proved capable of indicating both short- and long-
term trends. The value of this dataset stems from the fact that few studies are conducted 
continuously over long enough periods of time (but see (Crookes et al. 2005)) to be able 
to assess long term trends in market dynamics, such as multi-annual seasonality across 
years, or the immediate and long-term effects of market interventions. There are 
additional limitations to the application of market data, arising primarily due to 
confounding factors, such as catchment size or household bushmeat consumption 
(Crookes et al. 2005). By restricting my analyses to only island taxa, however, I 
controlled for catchment size, and although bushmeat is consumed in villages throughout 
Bioko (Colell et al. 1994; Vega et al. 2013), the majority of hunted game on the island is 
traded through the Malabo market (Colell et al. 1994; Albrechtsen et al. 2007). 
75 
 
 
 
 
Political interventions affect market dynamics 
 External governmental and sociopolitical factors have exerted both short- and 
long-term effects on Malabo market dynamics. The January 1998 political uprising 
(Intervention: 2/1998) had a negative effect on the rates of primate carcasses in the 
market, but the effect was brief, and likely attributable to the confiscation of guns from 
Bubi villagers (Albrechtsen et al. 2007). Restrictions were not imposed on Fang hunters, 
and, presumably, perpetrators were quickly apprehended, prompting the market to 
quickly resume normal behavior. Both the April 2002 bushmeat roundtable and 
November 2003 environmental legislation led to significant increases in the primate 
carcass rate with no return to prior dynamics. However, primates account for only 20% of 
the overall market (Chapter 2), and the overall market carcass rate (including primates 
and all other taxa) changed significantly in April 2003 (Chapter 2), where we placed the 
Early-Pre-ban breakpoint. The reason for the different market responses between the 
primate carcass rate and the overall carcass rate was not evident, but between April 2002 
and November 2003, there were clear changes in market dynamics, including the onset of 
seasonal patterns and an increasing overall carcass rate that endured through the passing 
of the primate hunting ban (Chapter 2). The ban itself had an immediate and dramatic 
effect on the overall market, and especially the primate carcass rate, which decreased by 
nearly 90%. The short-term efficacy of the ban could be due to the fact that it was 
presented as a Presidential Decree, and not simply another piece of legislation. Without 
enforcement, however, the effect wore off, leading to significant increases in the number 
of primates in the market and changes in the dynamics of most of the market taxa. 
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Seasonality 
 The occurrence of seasonality varied among taxa and with capture method, as 
taxa typically taken by shotgun exhibited no seasonal patterns, whereas trapped taxa 
often did. Though supported by three discrete testing methods here, it is unclear what 
exactly the ultimate drivers behind the observed seasonal patterns were. One possible 
explanation was that seasonal trapping patterns were driven by rainfall. There does 
appear to be relationship between general trapping patterns and rainfall, at least in the 
Pre-ban period, as average monthly rainfall correlated well with average monthly carcass 
rates. A dearth of reliable long term weather records for Bioko limited the scope of the 
analysis, as no information was available on interannual rainfall variation or differences 
between epochs. The influence of rainfall on trapping behavior on Bioko has been 
indicated previously by Colell et al. (1994), and recently corroborated by BBPP’s Head 
Forest Monitor, C. Riaco (pers. comm.). Moreover, correlations between rainfall and 
increased hunting (Muchaal & Ngandjui 1999; Olupot et al. 2009) and trapping 
(Kalivesse 1991; Lahm 1993; Kümpel 2006) patterns are not uncommon. My results are 
in contrast however, with previous findings from Bioko by Vega et al. (2013), who 
observed a decrease in trapping by Bubi hunters in the wet season, as well as Juste et al. 
(1995), who enumerated lower numbers of carcasses in the wet season and indicated no 
correlation between carcass numbers and rainfall. 
 If there is a correlation between rainfall and the observed seasonality, it remains 
unclear whether rainfall is a proximate or ultimate cause. Trapping is reported to increase 
in the wet season on Bioko not because of the rain itself; but, because agricultural tasks 
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are concentrated in the dry season, allowing trappers to devote more time to trapping in 
the wet season (Colell et al. 1994; C. Riaco, pers. comm.). Thus, seasonal factors, such as 
availability of employment, can also affect seasonal hunting patterns (Allebone-Webb et 
al. 2011). The link to agriculture is particularly important, as it is the most seasonally 
consistent source of employment for rural populations across Africa (Brashares et al. 
2011). Since the majority of hunters on Bioko supplement their incomes with agricultural 
activities (Reid et al. 2005; Vega et al. 2013), the seasonal effect of agriculture on 
trapping patterns may be considerable. Rapid economic development in Equatorial 
Guinea has also provided potential hunters with many other economic opportunities, 
especially in the construction industry (Ministerio de Obras Públicas e Infraestructuras 
2010; Gill et al. 2012). Although, many of these jobs are still seasonally dependent, since 
little construction work is carried out in the wet season. 
 The emergence and subsequent collapse of seasonal patterns in the market, 
although potentially correlated with rainfall, may ultimately be driven by other factors. 
The regularity could be linked to changing economic conditions in Equatorial Guinea, as 
epochs 1 and 2 encompassed a period of rapid economic growth, during which per capita 
gross national income increased by over 700% (World Bank 2013a). Furthermore, overall 
bushmeat consumption was positively correlated with income in both Pre-ban and Post-
ban, pointing to the emergence of a luxury market for bushmeat on Bioko (Chapter 2).  A 
luxury market and increased incomes led to higher potential profits (Albrechtsen et al. 
2007; Morra et al. 2009; Vega et al. 2013), all of which would make the market an 
attractive prospect to those with the means to enter into the trade. Therefore, seasonal 
hunting may have developed in the Pre-ban period into a legitimate means of 
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supplementing income. The disappearance of seasonal trends with the passing of the 
hunting ban complicates interpretations, though. Gill et al. (2012) showed that economic 
development contributed to a reduction in the intensity and extent of hunting in Rio Muni 
largely via out-migration from rural areas, so it may be the case that this occurred on 
Bioko. However, the abruptness and nature of the change at the ban is unexpected and 
unlikely the result of a gradual migration of hunters to urban centers. Overall, numbers of 
trapped carcasses decreased relative to shotgunned carcasses through Pre-ban (Chapter 
2). So, another potential explanation for the change in market dynamics at the ban may be 
a reduction in subsistence and supplemental harvesting of bushmeat, while commercial 
hunting intensified. 
 
Conservation implications 
 Vega et al. (2013) have presented the case for the development of a bushmeat 
industry on Bioko provided that it is well-regulated. My results indicate that there is merit 
to this suggestion, and that it could potentially help to alleviate demand, given the high 
volume of C. emini, A. africanus, and P. monticola observed, all species with a high 
intrinsic growth rate that are preferred by Bioko consumers (Fa et al. 2002a). The 
introduction of any sort of bushmeat industry would rely heavily on regulation; though, 
as of yet, there has been no realistic protection or management strategy implemented on 
Bioko. This begs the question of whether a bushmeat industry is feasible, when short-
term goals, such as forest guards, have been conspicuously ignored for years despite 
numerous calls for their implementation (Butynski & Koster 1994; Fa 2000; Reid et al. 
2005; Hearn et al. 2006; Albrechtsen et al. 2007; Cronin et al. 2010). Regulation of 
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hunting and management of protected areas are urgently needed on Bioko to stop the 
extensive hunting of threatened taxa, such as C. ogilbyi and the diurnal primates. These 
taxa contribute over 50% to the market biomass originating from Bioko, and are 
decreasing in numbers around villages and in the peripheries of supposed protected areas 
(Chapters 2,3). 
 Although seasonality in a broad suite of trapped taxa was ephemeral on Bioko, 
future management strategies would benefit from the consideration of my results. The 
effects of interventions on the market indicate that legislation, even in the absence of 
enforcement can have long-term effects on market dynamics. The existence of 
seasonality points to an organized regularity to the market that may be useful in 
implementing hunting seasons or enforcement regimes. Finally, the decreasing 
importance of trapping and the loss of all discernible seasonal patterns with the passing of 
the hunting ban suggest that hunting strategies may be shifting in response to the 
emergence of a luxury market for bushmeat on Bioko. Despite the outlined caveats, this 
analysis has revealed much about the historical and contemporary dynamics of the 
Malabo bushmeat market, furthering the understanding of the overall scope of the market, 
and providing valuable data with which to develop effective wildlife management 
strategies. 
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Table 3.1: Summary of the species, total carcass number and biomass (kg) for carcasses orginating 
on Bioko Island and entering the Malabo market from Oct. 1997 - Sept. 2010. 
 
  
Species Common Name Status† Mass n Biomass
(kg) (kg)
Artiodactyla
  Cephalophus ogilbyi a Ogilby's Duiker LC 19.5 9,373      182,774   
  Philantomba monticola a Blue Duiker LC 4.9 49,132    240,747   
   Group Totals 58,505    423,520   
Aves
  Ceratogymna atrata b Black-casqued Hornbill LC 1.5 1,472      2,208      
  Corythaeola cristata b Great Blue Turaco LC 1.2 2,247      2,696      
  Gypohierax angolensis c Palm-nut Vulture LC 2.0 374         748         
   Group Totals 4,093      5,652      
Hyracoidea
  Dendrohyrax dorsalis d Western Tree Hyrax LC 3.0 1,546      4,638      
Pholidota
  Manis tricuspis a Tree Pangolin NT 1.5 3,136      4,704      
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Table 3.1 (continued): Summary of the species, total carcass number and biomass (kg) for 
carcasses orginating on Bioko Island and entering the Malabo market from Oct. 1997 - Sept. 2010. 
 
  
Species Common Name Status† Mass n Biomass
(kg) (kg)
Primates
  Allochrocebus preussi* e Bioko Preuss's Monkey EN 4.5 2,127      9,572      
  Cercopithecus erythrotis* e Bioko Red-eared Monkey VU 3.4 17,918    60,921    
  Cercopithecus nictitans e Putty-Nosed Monkey LC 4.6 329         1,513      
  Cercopithecus pogonias e Crowned Monkey LC 3.3 2,707      8,798      
  Colobus satanas* e Bioko Black Colobus VU 9.3 5,118      47,342    
  Mandrillus leucophaeus* e Bioko Drill EN 14.3 4,982      70,994    
  Procolobus pennantii** f Pennant's Red Colobus CR 10.5 1,754      18,417    
  Sciurocheirus alleni* a Bioko Allen's Galago LC 0.3 160         42           
   Group Totals 35,095    217,597   
  
 
 
8
2
 
 
 
 
Table 3.1 (continued): Summary of the species, total carcass number and biomass (kg) for 
carcasses orginating on Bioko Island and entering the Malabo market from Oct. 1997 - Sept. 2010. 
 
 
 
 
 
 
 
 
Species Common Name Status† Mass n Biomass
(kg) (kg)
Reptilia
  Python sebae c African Rock Python DD 13.8 991         13,703    
  Varanus niloticus b Nile Monitor DD 6.5 722         4,693      
   Group Totals 1,713      18,396    
Rodentia
  Atherurus africanus a African Brush-tailed Porcupine LC 2.8 22,196    62,837    
  Cricetomys emini a Emin's Pouched Rat LC 1.1 44,512    50,744    
  Protoxerus stangeri d African Giant Squirrel LC 0.8 9,927      7,644      
   Group Totals 76,635    121,224   
Totals Totals 180,723   795,733   
Biomass values taken from: a  Fa and Purvis 1997, b  Juste et al. 1995, c  Willcox and Nambu 2007, d  
Kingdon 1997, e  Butynski et al. 2009, f Groves 2007. Values from Butynski et al. 2009 are an average of the 
reported weights for both sexes. † Adapted from The IUCN Red List of Threatened Species: CR critically 
endangered, EN endangered, NT near threatened, VU vulnerable, LC least concern, DD data deficient. * 
Recognized by Grubb et al. (2003) as subspecies endemic to Bioko. ** Recognized by Groves (2007) as 
species endemic to Bioko.
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Table 3.2: Pearson’s product–moment correlations between seasonally affected taxa and average island rainfall. 
Taxa      Aggregation 
Early   Pre-ban   Post-ban 
r df p   r df p   r df p 
Total Carcasses -0.06 10 0.844   0.75 10 0.005   0.87 10 <0.0005 
Trap Carcasses 0.18 10 0.577   0.76 10 0.004   -0.30 10 0.342 
Trap -Rodents -0.35 10 0.267   0.66 10 0.020   -0.45 10 0.143 
Trap-A. africanus 0.57 10 0.051   0.94 10 <0.0001   0.91 10 <0.0001 
Trap-P. monticola 0.66 10 0.021   0.88 10 <0.0005   0.58 10 0.048 
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Figure 3.1: Distribution of major cities (including Ureca), main roads, and 
protected areas on Bioko Island.  
85 
 
 
 
 
 
 
 
Figure 3.2: Primate carcass rates raw data, fitted, and predicted values as estimated in the 
intervention analysis via ARIMA (2,0,0,)(1,0,0). Significant interventions are numbered 
at: 1) 2/1998 – political uprising; 2) 4/2002 – bushmeat roundtable; 3) 11/2003 – Ley 
7/2003; 4) 11/2007 – Ley 11/2007.  
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Figure 3.3: Seasonal significance in selected taxa as indicated by the three hypothesis 
tests used in the X-12 ARIMA: 1) FS:  1-factor ANOVA to test for stable seasonality; 2) 
KWS: Kruskal-Wallis test for stable seasonality; 3) FM: 2-factor ANOVA to test for 
moving seasonality. To be seasonal, taxa had to pass all three tests (indicated in gray 
boxes). Successful results in tests for stable seasonality indicated monthly differences 
were present with respect to carcass rates. Successful results in the test for moving 
seasonality needed to be non-significant, in effect, indicating that yearly carcass rate 
patterns were non-shifting. 
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Figure 3.4: Decomposed seasonal trend in C. emini in Pre-ban. Although this taxon 
visually appears to exhibit seasonal patterns, it was prone to both outliers and high 
variance, and thus, did not pass the hypothesis tests for seasonality. 
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Figure 3.5: Decomposed seasonal trend in taxa and groups that exhibited significant 
seasonal trends in relation to the average island rainfall.  
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Chapter 4: Survey of Threatened Monkeys in the Iladyi River Valley Region, 
Southeastern Bioko Island, Equatorial Guinea 
  
Introduction 
Bioko Island, Equatorial Guinea (Fig. 4.1) is among the highest priority sites in 
Africa for the conservation of primates (Oates 1996a). The island is home to seven 
species of diurnal primates [drill (Mandrillus leucophaeus poensis), black colobus 
(Colobus satanas satanas), Pennant’s red colobus (Procolobus pennantii), red-eared 
monkey (Cercopithecus erythrotis erythrotis), crowned monkey (Cercopithecus pogonias 
pogonias), putty-nosed monkey (Cercopithecus nictitans martini), and Preuss’s monkey 
(Allochrocebus preussi insularis)], all of which are threatened with extinction as either 
species and/or subspecies (IUCN 2013). This diversity notwithstanding, illegal hunting of 
primates, which represents the primary threat to these species, has increased dramatically 
over time, with primates comprising approximately 20% of the total bushmeat sold in 
Malabo, the capital of Equatorial Guinea (Albrechtsen et al. 2007; Morra et al. 2009; 
Cronin et al. 2010).  
The relationship between market data and wild populations on Bioko is poorly 
documented, as there have been relatively few island-wide primate surveys since 
Butynski & Koster’s (1994) extensive 1986 survey. Much of the work has been restricted 
to the remote Gran Caldera de Luba in the southwest sector of the island (Fig. 4.1); 
consequently, detailed primate distributions, like that of the critically endangered 
Pennant’s red colobus (Procolobus pennantii), a species endemic to Bioko, remain 
approximations (Groves 2007). The core range of P. pennantii is estimated to be entirely 
within the Gran Caldera and Southern Highlands Scientific Reserve (GCSH), with 
relative abundance highest (up 0.5 groups/km) (Cronin, unpublished data) in the 
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immediate vicinity of the Gran Caldera de Luba to the southwest (Butynski & Koster 
1994). A second, unconfirmed, allopatric population is believed to exist within the Iladyi 
River valley (IRV) in the southeast sector of the GCSH (Fig. 4.1b) (Cronin et al. 2010; 
Oates 2011; IUCN 2013). Despite there being suitable habitat, numerous surveys have 
not resulted in any evidence of present-day connectivity between the two populations, 
supporting a hypothesis for allopatry if the second IRV population were to exist (Cronin, 
unpublished data). Nevertheless, the existence of the second population remains 
uncertain, as no surveys have been conducted in the immediate area of the IRV to 
confirm the presence of P. pennantii.  
To address this dearth of information, in October 2012, we conducted a rapid 
assessment of primate abundance in the southeast sector of the GCSH (Fig. 4.1b). The 
main objective of this survey was to confirm the presence of P. pennantii in the IRV. In 
addition, this study also aimed to (1) document the presence and/or absence of primate 
species, (2) evaluate the geographic range for the primates, (3) assess the current status of 
the primates, and (4) quantify temporal changes of primate sighting frequencies by 
comparing results to surveys conducted in the same region in 2007 (Nowak & Rioso 
Etingue 2007).  
 
Methods 
Study area 
Bioko Island (2,017 km
2
) is a volcanic, continental island in the Gulf of Guinea 
island chain located 37 km off the coast of Cameroon. The GCSH makes up the entire 
southern sector of Bioko (510 km
2
), encompassing a range of habitat types (monsoon 
91 
 
 
 
forest, lowland forest, montane forest, Schefflera (Araliaceae) forest, and cultivation) and 
elevations that rise from sea level to two peaks, the Gran Caldera de Luba (2,261 m) in 
the west and Pico Biao (2,009 m) in the east, in less than 15 km (Butynski & Koster 
1994). Human populations are concentrated along the northern border of the GCSH (e.g. 
Moka, Riaba), and, with the exception of Ureca (< 80 individuals), the GCSH holds no 
permanent human settlement and has been largely protected from exploitation apart from 
hunting. 
 
Data collection 
During October 2012, surveys of primate populations were conducted in the 
southeastern sector of the GCSH (Fig. 4.1b). Primate surveys were conducted along 
established multiuse footpaths first described by Colell et al. (1994), the majority of 
which were comparable to those surveyed by Nowak and Rioso Etingue (2007). 
Reconnaissance, or “recce”, walk methodology was used for all surveys, rather than 
straight line transects, which typically involve the creation of additional hunting paths. 
With recces, the researcher follows the path of least resistance through the forest (e.g., 
footpaths), cutting only what is necessary to maintain a general compass heading (Walsh 
& White 1999; Linder 2008). In this way, both the surveyed area and number of animals 
detected can be increased by allowing greater distances to be covered in an equivalent 
period of time (Walsh & White 1999; Linder 2008). Recce paths were located either on 
the northern (Eori) or southern (Arihá) ridge above the Iladyi River. We also conducted 
surveys opportunistically along the Iladyi River valley floor and across Punta Santiago 
(Fig. 4.1b). A total distance of 36.17 km was surveyed (Eori-11.30 km; Iladyi River-5.00 
92 
 
 
 
km; Arihá-19.87 km). Surveys averaged 3.29 km in length (range: 1.03-6.20 km), and 
were walked between 7:00 and 16:00 h at a rate of 1.06 km/hr. The length of each survey 
varied relative not only to the difficulty of terrain and the presence and status of 
preexisting trails, but also to the presence of a useable water source, as the survey team 
changed camps daily.  
All primate survey data were collected according to a methodology established by 
Schaaf et al. (1990). Due to dense vegetation, heavy hunting pressure, and a lack of 
habituation to human presence, which make detecting individuals exceptionally difficult, 
group counts are used to estimate primate abundance (Whitesides et al. 1988; Butynski & 
Koster 1994). We collected the following data for each primate encounter: time of 
encounter, location (GPS coordinates), elevation, species observed, number of 
individuals sighted, sex of individuals, estimated distance from the observer to the first 
individual sighted, sighting angle between the transect line and the observer-to-animal 
line, estimated group height in trees, polyspecific association (if within 50 m of another 
primate species), vocalization type, method of detection, and response of individuals to 
human presence. To quantify hunting pressure, all signs of hunting observed along each 
of the survey transects were recorded. Direct evidence of hunting included spent shotgun 
shells, discarded batteries, hunting camps, carcasses, and snares (Linder 2008). All 
survey data were collected via a Cybertracker (v3.248) data collection system developed 
for use on Bioko (Steventon 2002).  
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Data analysis 
Survey data for all primates were converted to sighting frequencies, calculated as 
the number of social groups (including solitary individuals) sighted per kilometer walked 
(Marshall et al. 2008). Sighting frequencies provide a measure of relative density and 
were used because of problems associated (e.g. violation of key assumptions) with 
absolute density calculations resulting from difficulties in detecting hunted primates in 
dense forest (Fashing & Cords 2000; Thomas et al. 2010; Linder & Oates 2011). 
Acoustic primate encounters are reported below, but were excluded from temporal 
analyses, as accurately identifying primate vocalizations becomes difficult at distances 
over 50 m or along deep ravines, and call frequency and volume differ between species 
(Linder & Oates 2011; Cronin, pers. obs.). Additionally, previous surveys conducted in 
the region did not report any acoustic encounters (Nowak & Rioso Etingue 2007). As a 
proxy for the relative intensity of hunting pressure along each transect, all observations of 
hunting signs were converted to a hunting sign encounter rate. Each individual sign was 
treated as a separate encounter (Linder & Oates 2011). 
 In addition to reporting the current status of both primate populations and hunting 
pressure in the southeastern sector of Bioko, we also quantified temporal changes of 
primate sighting frequencies in the region. We compared sighting frequencies from our 
study to those conducted in the same areas and along many of the same footpaths in 2007 
(Nowak & Rioso Etingue 2007). In order to circumvent problems inherent in a direct 
comparison (small sample size; lack of replication; non-identical transects), we grouped 
all surveys conducted north of the Iladyi River as the “Eori” region and all those south of 
the river as the “Ariha” region. This arrangement follows the general demarcation of 
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Moka area hunting zones, B and C respectively, in Colell et al. (1994). Surveys 
conducted along the Iladyi River itself were not included in the comparison. In order to 
gauge variability among transects, surveys within each “region” were then portioned into 
2 km sections, providing a unit of replication, with each section treated as a “survey 
transect.” A survey length of two kilometers was chosen because we believe this distance 
represents a length likely to encompass more than local effects, but not so long that it 
includes the entire surveyed transect. Sighting frequencies for both 2007 and 2012 were 
then calculated for each region (Eori and Arihá). 
 Significant differences in sighting frequencies of primates were determined using 
Wilcoxon-Mann-Whitney (WMW) tests. Tests were run two ways, using a default WMW 
test employing a continuity correction, and a permutation-based WMW using the “coin” 
package; both methods gave similar results (Hothorn et al. 2008). We present 
significance values of the default WMW, as it is slightly more conservative given the 
small sample size and the high frequency of zero counts. All statistical analyses were 
conducted using R (R Development Core Team 2013).  
 
Results 
Primate abundance 
Primate groups were encountered a total of 60 times resulting in an overall 
encounter rate of 1.66 groups/km. Visual identifications were confirmed for 36 
encounters, resulting in a sighting frequency of 1.00 groups/km, while 24 groups were 
identified solely by vocalizations. The most commonly sighted monkey overall was C. 
erythrotis (0.44 groups/km), followed by C. pogonias (0.28 groups/km), C. nictitans 
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(0.14 groups/km), M. leucophaeus (0.03 groups/km), S. alleni (0.06 groups/km), and C. 
satanas (0.03 groups/km). We encountered no signs of either P. pennantii or A. preussi 
during the survey, though it should be noted that the majority of surveys (95%) took 
place at lower elevations (< 1,000 m), where A. preussi is less likely to be found 
(Butynski & Koster 1994). Four (11%) visual encounters were with polyspecific 
associations, however, all polyspecific associations included C. erythrotis (11% of all C. 
erythrotis encounters): 3 with C. pogonias (30% of all C. pogonias encounters); 1 with C. 
satanas (100% of all C. satanas encounters). 
When both visual and acoustic encounters are considered, C. erythrotis and C. 
pogonias represented the majority of encounters in each of the three regions (Table 4.1). 
In the Eori region, however, C. nictitans were sighted at the highest frequency (0.35 
groups/km), while C. pogonias, although heard often, were not seen as commonly as in 
other regions (Table 4.1). Both the overall encounter rate (1.91 groups/km) and sighting 
frequency (1.21 groups/km) were higher for Arihá than for either Eori or the IRV. C. 
erythrotis (0.55 groups/km) and C. pogonias (0.40 groups/km) were sighted most often 
and made up 79% of all sightings (Table 4.1). The total number of primate species 
encountered was also higher in the Arihá region, as both M. leucophaeus and C. satanas 
were not encountered in Eori or the IRV. The IRV had the lowest encounter rate (1.00 
groups/km) and sighting frequency (0.60 groups/km), but this number may be an 
underestimate due to the breadth of the valley floor (>50 m in parts) and loud ambient 
sound of the running river, which may have reduced our ability to detect primates. Only 
C. erythrotis and C. pogonias were encountered within the IRV. 
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Temporal changes in primate abundance 
There was a significant decrease in the overall primate sighting frequency from 
2007 to 2012 in both the Arihá (W=83.50, p<0.02) and Eori (W=27.50, p<0.03) regions 
(Table 4.2). In Arihá, C. pogonias were sighted significantly less frequently (W=74.00, 
p<0.04) and represented fewer overall encounters. Sightings of C. erythrotis also declined 
(W=73.00, p<0.05), but accounted for a higher proportion of primate encounters. Relative 
to C. satanas, which increased in its proportional representation of primate encounters, 
both C. nictitans and M. leucophaeus accounted for fewer sightings. In Eori, both C. 
erythrotis (W=27.00, p<0.03) and C. pogonias (W=25.00, p<0.05) were sighted at 
significantly lower frequencies between years, accounting for 33% fewer overall primate 
group encounters; however, this decline was offset by a 27% increase in the proportion of 
C. nictitans encounters. 
 
Hunting activities 
The number of hunting signs increased dramatically in Eori and Arihá since 2007 
(Table 4.3). In Eori, the rate of gun hunting signs more than tripled, while in Arihá it 
more than doubled. This is largely due to very high numbers of spent shotgun cartridges, 
but there were also two hunting camps in Eori that were not present for the 2007 surveys. 
Encounter rates of snare hunting signs also increased in both regions, though not as 
steeply as signs of gun hunting (Table 4.3). 
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Discussion 
We encountered five of the seven diurnal primates present on Bioko in the study 
area; however, we did not encounter any evidence of a population of P. pennantii. 
Although this does not prove its absence, since we could not directly access a 7 km 
stretch of the Iladyi River (area < 10 km
2
), we believe that it is unlikely a viable 
southeastern population of P. pennantii persists. Where they do occur on Bioko, P. 
pennantii are relatively easy to detect, since they move in large, noisy groups, and, in 
valleys similar to the IRV, can often be heard vocalizing over great distances (Schaaf et 
al. 1990; Butynski & Koster 1994; Struhsaker 2005). As these traits make P. pennantii 
relatively easy to hunt, one would expect a considerable number of carcasses to originate 
in the region, though Colell et al. (1994) only reported one individual taken by Moka 
hunters during their study. This suggests that by 1992 the southeastern population of P. 
pennantii was already at low density, and given the absence of P. pennantii from 
subsequent surveys in both 2007 and 2012, is now likely extirpated.  
In our survey, the Arihá region had the highest primate species richness and 
relative abundance, likely due to its location south of the IRV, which presents a major 
barrier to access to the region from the north. There is a history of human habitation to 
the north and also a network of trails that provide ready access to the Eori forests from 
Riaba, a major city on the eastern side of Bioko with a direct highway to Malabo. In 
contrast, there is only a single roadside access to the Arihá region, located in the 
mountain village of Moka, almost twice the distance by road from Malabo than Riaba. 
Greater accessibility in the Eori region and higher signs of gun hunting support the 
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conclusion that hunting is a driving factor in the decline in primate abundance in the 
region. 
The declines in primate abundance observed in both Arihá and Eori between the 
Nowak and Rioso Etingue (2007) surveys and this study (2012) can be linked to hunting 
as well, as there have been no substantial habitat alterations in the survey areas (Cronin, 
pers. obs.). Furthermore, since 2007, there has been an increase in the number of 
carcasses for sale in the Malabo bushmeat market, with an average of over 15 
primates/market day, and some months reaching as high as 39 primates/market day 
(Cronin et al. 2010; Cronin, unpublished data). Given the reduction in the abundance of 
vertebrate fauna in northern Bioko, the majority of bushmeat supplied to the Malabo 
market now originates in southern Bioko, so much of the increased hunting should be 
manifested within the GCSH (Fa 2000; Fa et al. 2000; Albrechtsen et al. 2007).  
The absence of P. pennantii combined with the low densities of M. leucophaeus 
and C. satanas, and the high proportion of Cercopithecus spp., also suggest that this 
region may currently be undergoing an ecological shift in its primate community. P. 
pennantii and other larger-bodied species are particularly vulnerable to hunting and their 
loss or population decline is known to dramatically alter their ecosystems (Struhsaker 
2005; Wilkie et al. 2011). As larger-bodied species were either absent or at low densities 
in our study, our observed species composition is likely to be reflective of historical 
hunting pressure, rather than natural distributions (Struhsaker 1999). The increase in the 
proportional representation of C. nictitans in the Eori region relative to decreased 
encounters of C. erythrotis and C. pogonias is similar to that in Korup National Park, 
Cameroon, where a reduction in the abundance of other species led to an increase of C. 
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nictitans via competitive release (Linder & Oates 2011). Although larger than both C. 
erythrotis and C. pogonias (Butynski et al. 2009), C. nictitans is often more cryptic and 
encountered in smaller groups; as well as being more ecologically flexible, allowing for 
exploitation of a wide range of habitats and diets (Linder & Oates 2011; Cronin pers. 
obs.).  
These results, though only a microcosm of the situation on Bioko, illustrate an 
increasingly desperate situation. Conservation strategies, beginning with legitimate 
enforcement of existing legislation, could greatly improve the current status of Bioko’s 
primates. An island-wide reduction of hunting is necessary, with a focus on government-
supported conservation efforts (e.g. training of national staff, sensitization of government, 
police, and military personnel, and conservation education programs), especially within 
the GCSH and Pico Basilé National Park. Effective conservation and management of the 
two protected areas can still secure a future for the biodiversity of Bioko.  
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Table 4.1: Overall primate group encounters from all survey regions in the 2012 survey. 
Sighting Frequency considers only visual identifications, while encounter rate includes 
both visual and acoustic encounters. 
 
Visual Acoustic
Total 
Ecounters
Sighting Freq. 
(grps/km)
Encounter 
Rate (grps/km)
Eori Region
  Cercopithecus nictitans 4 0 4 0.35 0.35
  C. erythrotis 3 2 5 0.27 0.44
  C. pogonias 1 6 7 0.09 0.62
  Sciurocheirus alleni 1 0 1 0.09 0.09
    Region Totals 9 8 17 0.80 1.50
Iladyi River
  C. erythrotis 2 2 4 0.40 0.80
  C. pogonias 1 0 1 0.20 0.20
    Region Totals 3 2 5 0.60 1.00
Ariha Region
  C. erythrotis 11 4 15 0.55 0.75
  C. pogonias 8 7 15 0.40 0.75
  Mandrillus leucophaeus 1 2 3 0.05 0.15
  Colobus satanas 1 0 1 0.05 0.05
  C. nictitans 1 1 2 0.05 0.10
  S. alleni 1 0 1 0.05 0.05
  Cercopithecus  sp.* 1 0 1 0.05 0.05
    Region Totals 24 14 38 1.21 1.91
Overall Totals 36 24 60 1.00 1.66
Scientific Name
Primate Encounter Data
  
 
 
1
0
1 
 
 
 
Table 4.2: Temporal change in sighting frequency of primate groups between surveys conducted in 2007 (Nowak & Rioso Etingue) 
and this study (2012). N is the number of group sightings. S.F. is the sighting frequency (groups/km surveyed). % represents the 
percent contribution of a species' encounters to the overall encounter total. Values in parentheses are standard errors. Values in italics 
are significant at p < 0.05. 
 
N
S.F. 
(grps/km)
% N
S.F. 
(grps/km)
% W p N
S.F. 
(grps/km)
% N
S.F. 
(grps/km)
% W p
  Cercopithecus erythrotis 13 1.30 (0.34) 56.5 3 0.25 (0.17) 33.3 27.00 0.03 26 1.06 (0.15) 39.4 11 0.56 (0.18) 45.8 73.00 0.05
  C. pogonias 5 0.50 (0.16) 21.7 1 0.08 (0.08) 11.1 25.00 0.05 26 1.05 (0.27) 39.4 8 0.35 (0.14) 33.3 74.00 0.04
  C. nictitans 4 0.40 (0.19) 17.4 4 0.33 (0.17) 44.4 16.50 0.84 9 0.33 (0.16) 13.6 1 0.06 (0.06) 4.2 59.00 0.29
  Mandrillus leucophaeus 1 0.10 (0.10) 4.3 0 0.00 0.0 18.00 0.36 4 0.16 (0.09) 6.1 1 0.04 (0.04) 4.2 55.50 0.44
  Cercopithecus  sp.* 0 0.00 0.0 0 0.00 0.0 n/a n/a 1 0.04 (0.04) 1.5 1 0.04 (0.04) 4.2 46.50 0.88
  Colobus satanas 0 0.00 0.0 0 0.00 0.0 n/a n/a 0 0.00 0.0 1 0.06 (0.06) 4.2 42.00 0.26
  Procolobus pennantii 0 0.00 0.0 0 0.00 0.0 n/a n/a 0 0.00 0.0 0 0.00 0.0 n/a n/a
  Allochrocebus insularis 0 0.00 0.0 0 0.00 0.0 n/a n/a 0 0.00 0.0 0 0.00 0.0 n/a n/a
  Sciurocheirus alleni 0 0.00 0.0 1 0.13 (0.13) 11.1 12.50 0.47 0 0.00 0.0 1 0.05 (0.06) 4.2 42.00 0.26
  Total 23 2.30 (0.56) 9 0.79 (0.36) 27.50 0.025 66 2.63 (0.37) 24 1.17 (0.42) 83.50 0.024
Species
Eori Region Ariha Region
2007 2012 2007 2012
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2007 2012 2007 2012
Gun Hunting Signs
  Empty Cartidge 74 269 201 345
  Batteries - 10 - 16
  Hunting Camp - 2 1 1
  Gun Shot 1 - - 1
  Carcasses - - - 1
    Totals 75 281 202 364
Snare Hunting Signs
  Snares 21 68 25 35
  Animal in Trap - 1 - 1
    Totals 21 69 25 36
Total Hunting Signs 96 350 227 400
Gun Sign Encounter Rate (km-1) 7.59 24.87 8.15 18.32
Snare Sign Encounter Rate (km-1) 2.13 6.11 1.01 1.81
Overall Hunting Sign Encounter Rate (km -1) 9.72 30.97 9.15 20.13
Hunting Sign Type Eori Arihá 
Survey Region
 
 
 
Table 4.3: Temporal change in hunting sign encounters between surveys conducted in 
2007 (Nowak & Rioso Etingue) and this study (2012). 
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Figure 4.1: (a) Bioko Island, West Africa showing the major cities and roads on Bioko, 
as well as both protected areas (PA): Pico Basilé National Park (PBNP), and the Gran 
Caldera-Southern Highlands Scientific Reserve (GCSH). Ureca, the only village within 
the GCSH is also shown. The hash marked area depicts the location of the study area in 
southeastern Bioko. (b) The study area (b) is shown with survey paths used, in both 2007 
and 2012, to assess primate abundance and hunting pressure. 
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Chapter 5: Impact of gun-hunting on monkey species and implications for primate 
conservation on Bioko Island, Equatorial Guinea 
  
Introduction 
 Human hunting of bushmeat is a common practice throughout the developing 
world as a mechanism for people to supplement both dietary and economic needs 
(Bennett & Robinson 2000; Fa et al. 2002b; Robinson & Bennett 2004; Bennett et al. 
2007). Although this complicates the distinction between subsistence and commercial 
activities (Kümpel et al. 2010), bushmeat hunting is primarily considered unsustainable 
and highly commercialized (Bennett 2011). In the Gulf of Guinea forests in central 
Africa, increased access to firearms, habitat loss, and growing human population density 
has led to high demand and heavily commercialized hunting, putting mammal 
populations at risk of extinction (Bennett & Robinson 2000; Fa et al. 2002b; Brashares 
2003; Oates et al. 2004; Fa et al. 2006).  
 Diurnal primates are hunted extensively in African tropical forests (Wilkie & 
Carpenter 1999; Fa et al. 2006), but species vary in their relative response to differing 
levels of hunting intensity (Kümpel et al. 2008). Primates that are larger-bodied 
(Robinson & Bennett 2004), have slow life history characteristics (Bodmer et al. 1997), 
are terrestrial, or are overly conspicuous (Struhsaker 1999) and are all particularly 
vulnerable in hunted environments (Linder & Oates 2011). Loss and/or declines in these 
vulnerable species can drive shifts in the ecological community leading to cascading 
negative effects (Wright 2003; Abernethy et al. 2013; Effiom et al. 2013). 
 Bioko Island, Equatorial Guinea (Fig. 5.1) is home to seven taxa of threatened 
diurnal primates (Table 1.1), making it a high priority site for primate conservation action 
in Africa (Oates 1996a). Studies of hunter harvests and bushmeat market data, however, 
105 
 
 
 
indicate that despite government legislation banning the hunting of primates (EG 2007), 
the practice is both extensive (Colell et al. 1994; Juste et al. 1995; Albrechtsen et al. 
2006; Albrechtsen et al. 2007; Cronin et al. 2013; Vega et al. 2013) and unsustainable (Fa 
et al. 1995; Morra et al. 2009). To date, Equatorial Guinea has also yet to attempt to 
control the bushmeat trade or provide any realistic protection for targeted species. 
Nevertheless, much of Bioko’s forests remain intact (Butynski & Koster 1994; Zafra-
Calvo et al. 2010), and high primate densities persist in remote sectors of Bioko (Cronin 
et al. 2010; Cronin et al. 2013). 
 Data on species-specific responses to hunting are critical to effective primate 
conservation on Bioko. Expanding development, increasing wealth, and greater forest 
accessibility are exacerbating the bushmeat threat on Bioko. Most notably, new road 
construction bisecting the Gran Caldera-Southern Highlands Scientific reserve (GCSH), 
is rapidly removing whatever passive isolation barriers previously existed (Fig. 5.1a). 
Given the increasing threat to its primate species, I investigated the impact of hunting on 
the diurnal primates in the GCSH in southern Bioko. My objectives were to (1) evaluate 
how primate abundance varies in areas of the GCSH with differing levels of hunting 
intensity, (2) estimate the overall effect of gun hunting on primate abundance, and (3) 
provide conservation recommendations to improve protection of Bioko’s primate 
populations. 
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Methods 
Study area 
Bioko Island, Equatorial Guinea (2,017 km
2
) is a continental island in the Gulf of 
Guinea island chain located roughly 37 km off the coast of Cameroon. Its dramatically 
vertical landscape rises from sea level to the volcanic peaks of Pico Basilé (3,011 m) in 
the north, the Gran Caldera de Luba (2,261 m) in the southwest, and Pico Biao in the 
southeast (2,009 m) in fewer than 15 km. The vegetation contains elements of Cross-
Sanaga-Bioko coastal forests and, at elevation, the Mount Cameroon and Bioko montane 
forests ecoregions (Olson et al. 2001). The climate is tropical equatorial with a sharp 
distinction between dry (Nov-Mar) and wet periods (Apr-Oct) and high variation in 
localized annual rainfall amounts, ranging from over 10,000 mm in the south to just 
2,000 mm in the north (Nosti 1947). With the exception of the smaller cities of Luba and 
Riaba, most of Bioko’s human population lives in the northern half of the island, with the 
population density highest in Malabo (> 100 inhabitants km
2
) (Albrechtsen et al. 2006). 
Outside of urban areas, the majority of Bioko supports no permanent human settlement, 
with a few villages scattered throughout accessible sites on the peripheries of Bioko’s 
two protected areas, Pico Basilé National Park (PBNP) (330 km2) and the GCSH (510 
km2). The GCSH comprises the southern 30% of the island, and, with the exception of 
Ureca (< 80 individuals), holds no permanent human settlement. This combination of 
isolation and difficult terrain has largely protected the GCSH from development and 
exploitation apart from hunting. 
 
107 
 
 
 
Data collection 
 Due to the difficult terrain on Bioko, and in order to avoid the creation of 
additional hunting paths, reconnaissance (recce) walk methods were used to collect data 
on primate abundance, hunting pressure, and habitat structure (Walsh & White 1999; 
Kuhl et al. 2008; Linder 2008). 26 recce walk routes distributed across three sites in the 
GCSH were surveyed between January and June 2011 and between January and February 
2012, for a total survey effort of 416.40 km (Fig. 5.1). The three sites: Belebu, Ureca, and 
Moraka Playa (Moraka), were chosen due to increasing remoteness and decreasing 
development, respectively. The Moraka site is located in southwestern GCSH, two days 
walk from the nearest road, and has no permanent human settlement. A total of 71 recce 
walks were conducted at Moraka, totaling 210.48 km, along 12 routes averaging 2.96 km 
(SD 1.45) in length. Ureca, the only village within the GCSH, is 22 km from the nearest 
paved road and the destination for new road development departing from Belebu. At the 
Ureca site, 33 recce walks, totaling 99.25 km, were performed along 6 routes with an 
average length of 3.01 km (SD 0.84). On the periphery of the GCSH, Belebu is the main 
access point for people entering the GCSH due to vehicle accessibility and its location on 
the northern slope of the saddle between Pico Biao and the Gran Caldera de Luba. Thirty-
five recce walks, totaling 106.67 km, were conducted at Belebu along 8 routes averaging 
3.05 km (SD 0.96) in length. 
 Recce walks originated from points at distance intervals of 100 m, 2 km, 4 km, 
and 7 - 10 km (terrain dependent) from a theoretical x-axis feature in each survey site 
(e.g. the southern beaches at Moraka, and the outer village perimeters at Ureca and 
Belebu) (Fig. 5.1). Survey origin points were located on or alongside, in the case of river 
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valleys, a notable terrain feature in each survey site: the Ole and Badja rivers at Moraka, 
and the new road cut between Ureca and Belebu. Each survey proceeded on a 
predetermined compass direction (due East or West) at a rate of approximately 1 km/hr. 
Surveys did not deviate more than 40° from the predetermined direction (Kuhl et al. 
2008), except if necessary to pass a steep cliff or traverse a ridgeline. The total distance 
for each recce walk was measured using a hip chain. 
 All primate survey data were collected according to a methodology first used on 
Bioko by Schaaf et al. (1990) in which group counts are used to estimate primate 
abundance due to dense vegetation, heavy hunting pressure, and a lack of habituation to 
human presence (Whitesides et al. 1988; Butynski & Koster 1994). Upon encountering a 
monkey, the following data were collected: location, species, number of individuals 
sighted, and any polyspecific associations (if within 50 m of another primate species 
(Oates et al. 1990)). To quantify hunting pressure, all signs of hunting observed along 
each recce walk were recorded. Direct evidence of gun hunting included spent shotgun 
shells, discarded batteries, and hunting camps (Linder & Oates 2011). All survey data 
were collected by by D.T. Cronin and trained research assistant, Cirilo Riaco (Head 
Forest Guide, Bioko Biodiversity Protection Program) and recorded using a customized 
Cybertracker (v3.248) data collection program (Steventon 2002).  
To assess habitat structure, I surveyed mature trees along each route using a point-
quarter methodology adapted from NRC (1981) and Skorupa (1988) between January and 
February 2012. Due to resource constraints, points were placed at 200 m intervals along 
each route. Each point was divided into four quadrants; in each quadrant, the nearest 
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living tree to the point with a DBH ≥ 5 cm was identified and its species, DBH and 
distance from the point were recorded.  
 
Data analysis 
 All primate survey data were converted to sighting frequencies, calculated as the 
number of social groups (including solitary individuals) sighted per kilometer walked 
(Marshall et al. 2008). Sighting frequencies provide a measure of relative density and 
were used due to problems associated with detecting hunted primates in difficult terrain, 
and in estimating absolute density for hunted animals using standard line transect 
techniques (Fashing & Cords 2000; Ferrari et al. 2010; Thomas et al. 2010; Linder & 
Oates 2011). Acoustic primate encounters were recorded during surveys, but were 
excluded from calculations of sighting frequency. Accurately identifying primate 
vocalizations becomes difficult at distances over 50 m or along deep ravines, and call 
frequency and volume differ between species (Linder & Oates 2011; Cronin, pers. obs.) 
Moreover, due to the undulating topography of Bioko, the inclusion of acoustic 
encounters may artificially inflate primate abundance (Brugiere & Fleury 2000). All 
observations of hunting signs were converted to a hunting sign encounter rate in order to 
estimate the relative intensity of hunting between transects and survey sites. Each 
individual sign was treated as a separate encounter (Linder & Oates 2011).  
 In order to quantify the impact of hunting on primate abundance, I modeled the 
relationship between counts of primate groups and gun hunting signs using a negative 
binomial distribution. Typically, Poisson regression would be used to analyze count data 
such as these (Hoffman & O'Riain 2012), but my Poisson models indicated overdispersed 
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primate counts. Due to overdispersion and the high frequency of zero-counts, I employed 
a negative binomial model, which best fit the distribution of the data. Moreover, the 
model exhibited higher variability allowing for lower expected values at high shell 
counts.  
 To assess species’ vulnerability to hunting, I compared primate abundance 
between vegetatively similar areas that differed in hunting intensity. For each species I 
calculated a hunting response index (HRI), in which r = sighting frequency in a heavily 
hunted site/sighting frequency in a lowly hunted site. This ratio was adapted from Linder 
and Oates (2011) who used it to demonstrate monkey species vulnerability to hunting in 
Korup National Park (KNP), Cameroon. Each transect was assigned to a generalized 
category of hunting intensity: light or heavy. Categories were assigned based on a 
hunting sign encounter rate of less than (light) or greater than (heavy) 0.40 signs/km 
following (Linder & Oates 2011). A HRI value of r = 1.0 indicates no change in relative 
species abundance between heavily and lightly hunted areas; however a r value greater or 
less than 1.0 indicates the degree at which species do better or worse in threatened areas 
(Isaac & Cowlishaw 2004). 
 To determine vegetative similarity between sites, I calculated stem density per 
hectare and total basal area (m2/ha) of trees ≥ 5 cm along each transect. These measures 
are common in studies assessing primate abundance (Wieczkowski 2004; Rovero & 
Struhsaker 2007; Linder & Oates 2011), and, in the case of total basal area, can be used 
as a proxy for food availability in the absence of data on important food tree species for 
primates (Oates et al. 1980). In order to better account for species composition, however, 
I used the relative density of tree species to calculate Bray-Curtis distances to describe 
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differences among sites and transects. I then conducted a principal coordinates analysis 
(PCoA) using the Bray-Curtis distances to identify the ecological space occupied by sites 
and transects. To quantify the similarity visualized in the PCoA, I used a hierarchical 
clustering technique which employed bootstrap resampling with 1000 replicates. 
 Transects were aggregated within sites and “zones”. Zones were classified by 
their remoteness, a measure of relative distance and time to access each zone’s inclusive 
transects. For example, Zone 1 (transects A, E, and F) required two days of overland 
travel to access, while Zone 11 (transects Y and Z) was accessed directly from the village 
of Belebu. Sighting frequencies of primates and hunting signs along individual transects 
were only considered in the calculation of the hunting response index. 
 All statistical analyses were conducted using R (v3.0.1; R Development Core 
Team 2013). Significant differences in primate sighting frequencies, hunting sign 
encounter rate, and habitat structure among survey sites and zones were determined using 
Kruskal-Wallis and Wilcoxon-Mann-Whitney tests. The alpha level was set at 0.05 for all 
statistical tests and adjusted using Bonferroni correction procedures. The negative 
binomial model was fitted using the “glm.nb” function of the “MASS” package 
(Venables & Ripley 2002). Principal coordinate analysis was carried out via the labDSV 
(Roberts 2012) package using the Bray-Curtis ecological distance measure. Hierarchical 
clustering was carried out using the package pvclust (Suzuki & Shimodaira 2006). The 
use of Bray-Curtis distances was not possible using the pvclust package, so in order to 
avoid the bias of a particular method, I tested multiple combinations of distance and 
clustering methods. Ultimately, many combinations returned similar results, so the 
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default parameters for both distance calculation (”correlation”, [1-ρxy]) and clustering 
(”average”) were used.  
 
Results 
Primate richness and composition 
All seven of Bioko’s diurnal primates were observed in the GCSH, although, 
species richness and abundance varied between sites (Table 5.1). Overall species richness 
at Moraka and Ureca was identical, as all species, excluding A. preussi, were 
encountered. The mean number of species encountered per survey though, was higher at 
Moraka (mean=3.03, SE 0.17) than at Ureca (mean=2.61, SE 0.19). Species richness at 
Belebu (mean=0.34, SE 0.19) was significantly lower than at Moraka (W=2341.5, 
p<0.0001) and Ureca (W=1097, p<0.0001), as only 4 species were encountered overall 
(A. preussi, C. erythrotis, C. pogonias, and C. Satanas). Species composition also varied 
widely between sites. At Moraka, for example, C. erythrotis (28.36%), C. pogonias 
(27.93%), and P. pennantii (23.67%) accounted for 79.96% of all sightings. At Ureca, 
though, 76.67% of all sightings were represented by C. erythrotis (52.78%) and C. 
pogonias (28.39%), while P. pennantii accounted for just 8.89%. A similar pattern 
occurred at Belebu, where C. erythrotis (52.94%) and C. pogonias (35.29%) accounted 
for 88.24% of all sightings. Overall, Cercopithecus species accounted for 68.77% of the 
total group sightings. 
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Primate abundance and the negative effect of gun hunting 
Primate abundance was significantly higher at Moraka (W=2396, p < 0.0001) and 
Ureca (W=1106.5, p < 0.0001), than at Belebu (Table 5.1). Hunting intensity, on the 
other hand, was lower at Moraka than at Ureca (W=697.5, p<0.0001) or Belebu (W=136, 
p<0.0001)(Table 5.1). Thus, overall primate abundance was highest in the absence of gun 
hunting, and declined as signs of gun hunting increased. This was supported by the 
negative binomial model, which indicated a negative effect of gun hunting on primate 
abundance (Estimate -0.61914; SE 0.08156; z=-7.592; p=3.16e-14) (Fig. 5.2). 
 
Hunting response index 
 Hunting intensity at Ureca was significantly higher than that at Moraka, but the 
overall intensity was driven by a high number of encounters in survey zone 5 (transects 
M & N) (Table 5.1, Fig. 5.1). The hunting sign encounter rate in zone 5 was greater than 
all other survey zones in both Moraka (1: W=4, p<0.0001; 2: W=6, p<0.0001; 3: W=10, 
p<0.0001; 4: W=44.5, p<0.002) and Ureca (6: W-120.5, p<0.0006; 7: W=101, p<0.007) 
(Table 5.1). Thus, I considered zone 5 as the heavily hunted site, and the remaining 
Moraka and Ureca transects as lightly hunted. 
 I compared habitat structure between sites (Table 5.1, Figs. 5.3 & 5.5) in order to 
identify vegetatively similar sites. There were no significant differences in total basal 
area or stem density among sites (Table 5.1). However, the PCoA revealed three 
prominent aggregations of transects using Bray-Curtis distances derived from the relative 
density of tree species along each transect: Moraka and Ureca (transects A-D & G-L); 
transects E & F; and Belebu (Fig. 5.3). These aggregations were subsequently supported 
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via hierarchical clustering (Fig. 5.5). As a result, I removed transects E-F and S-Z 
(Belebu) from consideration, and treated all remaining transects within Moraka and 
Ureca as adequately similar and acceptable for use in the HRI analysis. 
To assess the species specific vulnerability to hunting, I used transects A-D and 
G-L at Moraka and transects O-R at Ureca as the lightly hunted site, and transects M and 
N at Ureca as the heavily hunted site. Results from the HRI indicate that only C. 
erythrotis and C. nictitans are relatively tolerant of hunting (Fig. 5.4). The other four 
species returned values lower than 1 indicating their greater vulnerability to hunting. A. 
preussi was excluded from the analysis as it is a primarily montane species (Gonzalez-
Kirchner 2004), and was thus absent from the lowland transects used for comparison. 
 
Discussion 
 This is the first study on Bioko to assess the impact of hunting on the diurnal 
primates of Bioko by simultaneously conducting surveys of primates and quantifying 
hunting pressure. Butynski and Koster (1994) provided the contemporary baseline for the 
conservation status of Bioko’s primates, and Colell et al. (1994), quantified hunter 
offtake and behavior near Moka, but no other systematic study has been conducted on 
Bioko. Rather, the emphasis has been on short-term annual surveys and local 
conservation monitoring (Hearn et al. 2004; Hearn et al. 2006; Cronin et al. 2010). This is 
largely due to the island’s difficult terrain, an inhospitable climate, and restricted access 
into both Equatorial Guinea and its protected areas. Intense rainfall, for example, 
confined my research to the dry season, and surveys in 2011 were cut short as GCSH 
access was restricted by the government due to security concerns surrounding the 2011 
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African Union Congress held in Malabo. Despite these limitations my results indicate 
that gun hunting is a major driver of primate abundance and community structure on 
Bioko, and that the monkey species exhibit varying degrees of vulnerability to hunting. 
 Results from the negative binomial model suggest that overall primate abundance 
is negatively affected by gun hunting. However, there appears to be two processes at 
work. The first is that where there is high intensity gun hunting and/or a history of human 
impact, monkeys species are absent or at low densities. In Belebu, for example, hunters 
have easy access to the GCSH, and in recent years regularly organized bushmeat 
transports have brought offtake to Malabo (J.M. Esara, personal comm). There is also a 
long history of plantation agriculture around Belebu, so in addition to the loss of primary 
forest in the area, shotguns were widely used to both hunt bushmeat and control 
agricultural pests (Butynski & Koster 1994). Thus, the reduced monkey species richness 
and abundance at Belebu is likely reflective of both recent and historical hunting pressure 
(Jerozolimski & Peres 2003).  
 Ureca, on the other hand, has a dissimilar history with respect to gun hunting, and 
the monkey community seems to reflect the effect of relatively low intensity gun hunting. 
The village is populated by the traditionally agriculturalist Bubi ethnic group (Colell et al. 
1994), who in addition to a limited history of hunting, have had restricted access to guns 
and ammunition over time (Fa et al. 2002a). Moreover, in 1974, nearly all shotguns were 
confiscated on Bioko, reducing the number of guns in Ureca from 25 to 1 (Butynski & 
Koster 1994). A reduced number of guns has persisted in Ureca, as gun ownership by 
Bubis is currently prohibited (Vega et al. 2013). As a result, the only guns in Ureca are 
those assigned to the military, who are the only perpetrators of gun hunting in the village 
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(D. Cronin, pers. obs.). Thus, gun hunting is high in zone 5, where military personnel 
often hunt (D. Cronin, pers. obs.), but it is not pervasive throughout the Ureca site. The 
monkey community reflects this, as all species (excluding A. preussi) are present, but 
abundance, as well as the proportion of sightings accounted for by larger-bodied species 
(M. leucophaeus, C. satanas, P. pennantii), is lower than at Moraka. Most notable is the 
precipitous 61% difference in the sighting frequency of P. pennantii between Moraka and 
Ureca. Hunting activity by military and/or police personnel is consistent with previous 
reports (Reid et al. 2005) that over half of the guns in use by hunters on Bioko are 
obtained on loan from members of the police or armed forces. 
 There also appears to be a spatial correlation at the periphery of Belebu (zone 9) 
between hunting signs and primate sightings. Transect V accounted for 88% of primate 
sightings in zone 9 and 41% of all sightings in Belebu. In contrast, transect V also had the 
highest individual hunting sign encounter rate (10.47 signs/km), encompassing 90% of 
the overall gun signs encountered in zone 9, and over 50% of the total gun signs 
encountered in Belebu. Moreover, 88% of the hunting signs encountered on transect V 
were aggregated within the last two kilometers of the transect, which corresponds with 
the location of 86% of the primate sightings along transect V. 
 Spatial analyses suggest that the colobid species, especially P. pennantii, appear 
to be the most vulnerable to hunting, as their abundance and proportional representation 
in the forest was lower in hunted areas. The vulnerability of P. pennantii to gun hunting 
seems clear as the population has been drastically reduced and, potentially, extirpated 
throughout much of Bioko. For example, although reported from Pico Basile in 1986 
(Butynski & Koster 1994) and 1994 (Gonzalez-Kirchner 1994), there has been no 
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subsequent record of the species on the massif (Gonzalez-Kirchner 1997; Butynski & 
Owens 2008; Vega et al. 2013). Colell et al. (1994) also reported the species present in 
southeast Bioko in 1992, but its absence in numerous surveys since (Nowak & Rioso 
Etingue 2007; Cronin et al. 2013) suggests it has been extirpated from that region as well.  
 C. erythrotis and C. nictitans may be best able to adapt to hunting in the GCSH. 
C. erythrotis , as in Butynski and Koster (1994), was the most commonly sighted species 
on Bioko, and its sighting frequency increased between Moraka and Ureca. Its sighting 
frequency did  decline sharply at Belebu, suggesting a threshold to its resiliency, although 
ultimately it still accounted for over half of the sightings at the site. C. nictitans may also 
be particularly resilient to hunting on Bioko (Cronin et al. 2013). My results suggest the 
species responds similarly to hunting on Bioko as it does on the mainland in KNP (Linder 
& Oates 2011), where its HRI value was nearly identical. However, its resiliency seems 
to be highly localized and linked to other factors, since on Bioko its distribution is 
restricted to the southern third of the island, and even there, it occurs in low densities 
relative to other Cercopithecus spp. 
 Although spatial analyses indicate a negative relationship between gun hunting 
and primate community structure, the results are also likely to be affected by 
environmental variables. There are numerous habitat types within the GCSH, which are 
all influenced by steep gradients of elevation and rainfall. As a result, the productivity of 
these habitats varies and can affect the ecology of the primates therein (Peres 1999). For 
example, due to low fruit availability, montane groups of M. leucophaeus on Bioko adopt 
suboptimal fallback diets consisting primarily of herbaceous material, and forage for 
greater periods of time relative to lowland populations (J. Owens, pers. comm). Thus, 
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contemporary primate distributions on Bioko are likely influenced by a natural gradient 
in primate community structure, irrespective of hunting pressure. This can be most 
clearly characterized in the ecological separation of C. nictitans and A. preussi 
populations, which exhibit preferences for lowland (Gonzalez-Kirchner 1996a) and 
montane habitats (Gonzalez-Kirchner 2004), respectively. 
 Differences in primate community structure and species vulnerability can be 
driven by a number of processes including ecological flexibility, anti-predator behavior, 
and life history traits (Linder & Oates 2011). For example, both C. erythrotis (Gonzalez-
Kirchner 1996b) and C. nictitans (Gartlan & Struhsaker 1972) exhibit broad ecological 
plasticity, allowing them to potentially outcompete other sympatric species. However, 
their specific degree of success varies locally. In KNP (Linder & Oates 2011) and 
southeastern GCSH (Cronin et al. 2013), C. nictitans showed signs of compensating for 
the loss of larger-bodied species. In this study, though, C. erythrotis appears to be better 
adapted to respond to declines in other species. Given the close proximity between this 
study and Cronin et al.’s (2013), further investigation is needed to clarify which process 
is truly at work. Nevertheless, C. nictitans is often more cryptic and encountered in 
smaller groups than C. erythrotis, which may decrease its overall vulnerability. In 
contrast, P. pennantii are more ecologically specialized and thus are restricted to fewer 
habitats than the more generalist Cercopithecus species or C. satanas (Gonzalez-Kirchner 
1997). P. pennantii are also particularly poorly adapted to hunting, due to their large 
body and group size, as well as slow and ineffective anti-predator responses (Struhsaker 
1999; McGraw 2007).  
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Conservation implications 
 Bushmeat hunting is driving the decline of primate diversity on Bioko, but no 
management strategy has been implemented and effective enforcement has been 
nonexistent. I recommend that immediate efforts be made to implement a protection 
program using forest guards, a tactic which has proven successful elsewhere at reducing 
hunting and increasing survivorship of threatened species (Bruner et al. 2001; Rowcliffe 
et al. 2004; de Merode & Cowlishaw 2006; Hilborn et al. 2006; Corlett 2007; Campbell 
et al. 2011; Tranquilli et al. 2012). I also recommend that until a management plan can be 
developed, patrol efforts should focus on the southwestern sector of the GCSH. 
Southwestern GCSH is already protected passively via isolation, hunting intensity is 
lowest, primate abundance is highest, and all seven monkey species are present 
(including the Gran Caldera de Luba). Furthermore, it appears that the distribution of P. 
pennantii, potentially Bioko’s only endemic primate species (Groves 2007), is entirely 
restricted to southwestern GCSH. Thus, by concentrating anti-poaching efforts in the 
region, guards may be able to maximize conservation benefits at minimal cost.  
 I also recommend that the Government of Equatorial Guinea begin taking steps to 
enforce existing legislation, which may deter hunting, while also raising consumer 
awareness of the bushmeat problem (Bennett 2011). The system of fines laid out in the 
primate hunting ban (100,000-500,000 CFA/monkey), for instance, could be a serious 
deterrent if enforced, making the trade in monkeys uneconomical for both suppliers and 
consumers (Fa et al. 2000; EG 2007). Enforcement could begin relatively easily at 
preexisting checkpoints throughout Bioko, all of which are staffed with military 
personnel charged with inspecting passing vehicles. Adequate roadside enforcement will 
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be especially important along the new road currently under construction between Belebu 
and Ureca (Fig. 5.1). Although access will be provisionally restricted (E. Mualeri, pers. 
comm.), the road removes much of the protection via isolation currently afforded the 
GCSH. In doing so, several other taxa (e.g. Leatherback turtles [Dermochelys coriacea; 
Critically Endangered], Ogilby’s duiker [Cephalophus ogilbyi ogilbyi; Vulnerable]) 
(IUCN 2013), in addition to monkeys, will be under increased threat.  
 Most important to any future management strategy on Bioko is consistent 
government support, beginning with the training and sensitization of police and military 
personnel. These individuals are tasked with enforcing anti-poaching legislation, but 
often they are either supplying guns to hunters (Reid et al. 2005), or, as in Ureca, actively 
hunting themselves (pers. obs.). An educational program could be included in both 
military and police training that informs all personnel about the current status of wildlife 
and environmental laws in Equatorial Guinea, as well as the importance of biodiversity 
conservation to human and environmental welfare. These programs should also include 
training on how to effectively enforce environmental legislation. Moreover, a support 
structure for law enforcement personnel should be developed in order to promote 
regulatory compliance, such that individuals of lower rank will not suffer consequences 
for whistle-blowing and enforcing the law. 
Primate conservation on Bioko Island is ultimately dependent upon political will. 
Each of the aforementioned strategies will require some amount of short-term 
institutional support, but each as a stand-alone measure can only have limited success. 
True, long-term management solutions need to be developed and implemented, along 
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with awareness and educational campaigns, in order to avert the increasingly damaging 
loss of primate diversity on Bioko.
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Table 5.1: Measurements of gun hunting intensity, habitat structure, and primate abundance across all survey paths. Zones are 
presented with their inclusive transects (Fig. 5.1) below in brackets. Zones 1-4 are in the Moraka site, Zones 5-7 are in the Ureca site, 
and Zones 8-11 are in the Belebu site. The number of primate group sightings is in parentheses. 
 
 
 
 
Mle Csa Ppe Cer Cpo Cni Apr Unk
Z1 Total 
[A,E,F]
0.00 1405.49 26.27 19.88 0.16 (3) 0.32 (7) 0.15 (3) 0.97 (16) 0.24 (5) 0 (0) 0 (0) 0.10 (1) 1.94 (35)
Z2 Total 
[B,G,H]
0.02 960.88 23.31 65.87 0.15 (7) 0.42 (20) 0.54 (35) 0.58 (34) 0.71 (45) 0.03 (3) 0 (0) 0.11 (6) 2.54 (150)
Z3 Total 
[C,I,J]
0.00 799.58 50.23 46.38 0.11 (5) 0.15 (5) 0.42 (21) 0.42 (28) 0.67 (27) 0.03 (2) 0 (0) 0.07 (5) 1.86 (93)
Z4 Total 
[D,K,L]
0.16 768.50 49.41 78.36 0.05 (4) 0.05 (4) 0.72 (52) 0.70 (55) 0.70 (54) 0.10 (8) 0 (0) 0.17 (14) 2.50 (191)
MORAKA 0.05 890.54 40.85 210.48 0.11 (19) 0.22 (36) 0.49 (111) 0.64 (133) 0.62 (131) 0.05 (13) 0 (0) 0.12 (26) 2.24 (469)
Z5 Total 
[M,N]
0.62 722.68 43.87 38.64 0.09 (4) 0.07 (3) 0.14 (6) 1.04 (41) 0.41 (16) 0.06 (3) 0 (0) 0.08 (3) 1.89 (76)
Z6 Total 
[O,P]
0.07 765.87 46.00 29.62 0.13 (3) 0 (0) 0.29 (7) 1.07 (33) 0.52 (15) 0.03 (1) 0 (0) 0.03 (1) 2.07 (60)
Z7 Total 
[Q,R]
0.15 943.37 25.31 31.00 0.07 (2) 0.07 (2) 0.13 (3) 0.64 (21) 0.40 (12) 0.07 (2) 0 (0) 0.09 (2) 1.45 (44)
URECA 0.29 801.75 39.36 99.25 0.10 (9) 0.04 (5) 0.19 (16) 0.93 (95) 0.44 (43) 0.05 (6) 0 (0) 0.06 (6) 1.82 (180)
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Table 5.1 (continued): Measurements of gun hunting intensity, habitat structure, and primate abundance across all survey paths. 
Zones are presented with their inclusive transects (Fig. 5.1) below in brackets. Zones 1-4 are in the Moraka site, Zones 5-7 are in the 
Ureca site, and Zones 8-11 are in the Belebu site. The number of primate group sightings is in parentheses. 
Mle Csa Ppe Cer Cpo Cni Apr Unk
Z8 Total 
[S,T]
0.35 897.25 26.08 11.05 0 (0) 0.10 (1) 0 (0) 0.38 (4) 0 (0) 0 (0) 0 (0) 0 (0) 0.47 (5)
Z9 Total 
[U,V]
5.86 1094.96 101.35 32.04 0 (0) 0 (0) 0 (0) 0.09 (3) 0.12 (4) 0 (0) 0.03 (1) 0 (0) 0.24 (8)
Z10 Total 
[W,X]
3.50 874.71 53.78 29.87 0 (0) 0 (0) 0 (0) 0.09 (2) 0.07 (2) 0 (0) 0 (0) 0 (0) 0.15 (4)
Z11 Total 
[Y,Z]
1.57 418.07 37.67 33.71 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
BELEBU 2.89 771.85 56.83 106.67 0 (0) 0.02 (1) 0 (0) 0.11 (9) 0.05 (6) 0 (0) 0.01 (1) 0 (0) 0.18 (17)
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*Mle -Mandrillus leucophaeus ; Csa - Colobus satanas ; Ppe - Procolobus pennantii ; Cer - Cercopithecus erythtrotis ; Cpo - Cercopithecus pogonias;
Cni - Cercopithecus nictitans ; Apr - Allochrocebus preussi ; Unk - Unidentified
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Figure 5.1: (a) Distribution of major settlements, roads, and protected areas (PA) on 
Bioko Island (Pico Basilé National Park [PBNP], and the Gran Caldera-Southern 
Highlands Scientific Reserve [GCSH]. (b) Distribution of survey sites (Moraka Playa, 
Ureca, and Belebu) and survey paths used to assess primate abundance, hunting pressure, 
and habitat characteristics. Transects are distributed at increasing distance intervals (100 
m, 2 km, 4 km, and 7-10 km) from the southern beaches at Moraka and the village 
periphery at Ureca and Belebu. Transects S and T are approximately equidistant (~ 10 
km) between Ureca and Belebu. 
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Figure 5.2: Negative binomial plot illustrating the relationship between counts of gun 
hunting signs and primates groups. Primate abundance was highest in the absence of 
hunting and was negatively correlated with counts of gun hunting signs.  
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Figure 5.3: Ordination (Principal Coordinates Analysis, using the Bray-Curtis ecological 
distance calculated from the relative density of tree species per transect) of the 26 recce 
transects within the three study sites. 
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Figure 5.4: Monkey species variation in the hunting response index. A value above 1 
suggests a species is relatively tolerant of hunting, while values below 1 indicate a 
species relative susceptibility to hunting. The Bioko Preuss’s monkey (A. preussi) was 
not encountered along the transects used for comparison in the HRI and was excluded 
from the analysis. A. p. insularis is predominantly a montane species and all transects 
used in the HRI comparison were located in the lowlands, thus its absence at these sites 
was expected. 
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Figure 5.5: Cluster dendrogram representing the ecological similarity of the 26 recce 
transects calculated using the relative abundance of tree species along each transect. 
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Chapter 6: Thesis synopsis and conservation recommendations 
  
Dissertation Summary 
 This dissertation examined the extent of bushmeat hunting on Bioko Island and 
what its relative impacts were on the anthropoid primate populations of the island. 
Combining studies of market dynamics and biological surveys to quantify primate 
abundance and hunting pressure, this dissertation presents the first direct study of the 
impact of hunting on Bioko. I have provided information on the growth of the bushmeat 
trade on Bioko over time, as well as the market response to significant sociopolitical and 
legislative events. I addressed the question of seasonal hunting patterns that are relevant 
to the development of future wildlife management strategies. Finally, I provided 
information on the conservation status of Bioko monkey populations in relation to both 
ecological factors and hunting intensity patterns. This study reiterates the biological 
importance of both the Gran Caldera-Southern Highlands Scientific Reserve (GCSH) and 
Bioko, as well as the urgent need to implement management strategies to ensure the 
viability of wildlife populations. 
 
Bushmeat market studies 
 In Chapter 2, I analyzed longitudinal data from the Malabo bushmeat market to 
identify trends over time. Three distinct periods (epochs) of market dynamics were 
identified in which the volume of carcasses in the market (carcass rates) for multiple taxa 
demonstrated significant changes in average carcass rates, temporal trends, and potential 
seasonal variation. My results were consistent with an increasingly commercial market: 
total carcass rates have tripled, shotgun hunting has become the predominant capture 
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method, and carcass rates of primates, Bioko’s most threatened fauna, have more than 
quadrupled since 1997. Moreover, the increase in carcass rates over time has paralleled 
increased disposable income in Equatorial Guinea. Attempts to limit bushmeat sales, 
including a 2007 ban on primate hunting, were transiently effective, but without 
enforcement lost effectiveness and appear to have induced subsequent "mardi gras" 
increases in bushmeat hunting. Our results emphasize the negative toll that rapid 
development and unenforced conservation efforts have had on the wildlife of Bioko, and 
demonstrate the need for strong governmental support if conservation strategies are to be 
successful at preventing extinctions of tropical wildlife. 
  Chapter 3 quantified the effect of external sociopolitical factors on Malabo 
bushmeat market dynamics, and addressed the potential presence of seasonal patterns 
within the dataset. Our analyses indicate that four out of five proposed sociopolitical 
externalities significantly changed the dynamics of the Malabo market. A January 1998 
coup attempt prompted an immediate drop in market carcass rates, but its effect was 
short-lived. The remaining externalities, all regulatory interventions, had a significant 
long-term effect. Seasonal patterns were identified in taxa that originated on Bioko, but 
only in groups of typically trapped carcasses or in taxa that were largely captured by trap. 
Seasonality was not present in any taxa or group that was primarily taken by shotgun. 
Seasonal patterns that were consistent across years and taxa were only evident in the Pre-
ban period. When apparent, seasonality was shown to correlate with average monthly 
rainfall patterns on Bioko, though it was unclear whether rainfall was the ultimate cause 
of this pattern. Anecdotal evidence, and reports from Colell et al. (1994), suggest that 
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trapping increases in the wet season due to increased free time, since agricultural tasks 
are concentrated in the dry season. 
 
Field studies 
 The relationship between market dynamics and the status of wild primate 
populations is largely unquantified on Bioko, owing to a lack of island-wide survey data 
collected simultaneously with data on hunting pressure. This has detracted from accurate 
estimates of the conservation status of Bioko’s primates. In Chapter 4, we investigated 
the potential extirpation of an allopatric eastern population of Pennant’s red colobus 
(Procolobus pennantii). Although not proving its absence, we found no evidence of P. 
pennantii, suggesting that it may be extirpated from the region. Each of the other five 
monkey species known to these habitats were encountered, though primate abundance in 
the IRV region decreased since 2007, concurrent to an increase in hunting in the region. 
Our results suggest that the primate community may also be undergoing a compensatory 
shift towards smaller-bodied monkeys (Cercopithecus spp.), as larger species like P. 
pennantii are being hunted out. 
 The simultaneous study of primate abundance, habitat structure, and hunting 
intensity presented in Chapter 5 are the first direct study of the impacts of hunting on 
Bioko primates. We observed all seven of the diurnal primates during the study, but 
species richness and abundance varied widely between sites, and was highest in the 
absence of gun hunting. Overall primate abundance was negatively affected by increased 
gun hunting, but there appeared to be two processes at work. The first was that where 
there was high intensity gun hunting and/or a history of human impact, monkeys were 
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either absent or at low densities. There also appeared to be a spatial correlation at one site 
between hunting signs and primate sightings. Two guenons, C. erythrotis and C. nictitans 
were the most resilient to hunting, while the other four species indicated a higher 
vulnerability response. C. nictitans showed signs of potential density compensation in 
Chapter 4, but in this particular study, C. erythrotis appeared to be better adapted to 
respond to population declines of sympatric species. Given that two studies in Chapters 4 
and 5 were conducted in such close proximity, it was unclear as to which species was 
ultimately the most resilient to hunting. P. pennantii was also indicated as potentially the 
most vulnerable primate on Bioko.  
 
Conservation Implications and Recommendations 
 Given the biological importance of Bioko Island, and the extent to which I have 
shown that illegal bushmeat hunting is occurring on the island, it is critical that effective 
conservation and management strategies be implemented in the immediate future. On 
Bioko there are currently no management strategies for wildlife or protected areas, 
however, and legitimate government support for conservation is minimal. As such, any 
conservation recommendations must be underlined with the caveat that they are 
effectively starting from scratch. Moreover, idealistic suggestions for strategies, such as a 
regulated bushmeat industry (e.g. Vega et al. 2013), should be tempered by the reality 
that that level of regulation and compliance would require a fundamental shift in the 
ethos of bushmeat hunters and consumers that seems implausible in the short term. If the 
people tasked with enforcing environmental regulations (police and armed forces), for 
example, are perpetrating the hunting themselves, or are providing the majority of guns 
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used in the illegal trade, I presume that the hurdles leading to legal compliance and 
effective regulation will be substantial. 
 Given these caveats, government led conservation efforts should be prioritized on 
Bioko. The principal tenets should be to “start small”, focus on both supply and demand, 
and to concentrate efforts where they are likely to have the greatest possible conservation 
benefit. By synthesizing results from each of the preceding chapters, this dissertation 
provides important information that can be applied to the development of the following 
conservation management strategies: 
 
Forest guards 
 Immediate efforts should be made by the government to implement a 
network of forest guards that have the legal capacity to enforce existing laws. 
Forest guards have been shown to be a successful tool in combating the illegal 
harvesting of wildlife (Bruner et al. 2001; Rowcliffe et al. 2004; de Merode & 
Cowlishaw 2006; Hilborn et al. 2006; Corlett 2007; Campbell et al. 2011; 
Tranquilli et al. 2012), and are believed to be the most cost-effective short term 
solution to poaching (Bennett 2011).  
 There are a number of sites throughout Bioko that serve as principal 
access points to Pico Basilé National Park (Basilé, Moeri) and the GCSH (Belebu, 
Moka, and Ureca) that could serve as effective “ranger bases” or “bushmeat 
checkpoints” (Fig. 7.1). In each of these villages there is already a military 
outpost, which in the case of Basilé, is a gated checkpoint for vehicular access to 
the summit of Pico Basilé. Intensive monitoring for bushmeat hunting could take 
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place by forest guards (or in the immediate future, the military) stationed therein. 
By focusing on these natural choke points, guards may be more effective than 
with a more generalized enforcement scheme. 
 
Vehicular bushmeat checkpoints 
 Similar to the strategy outlined above, enforcement of existing bushmeat 
legislation could instead be focused on bushmeat transporters/traders at 
bottlenecks along roads in Bioko (Wilkie & Carpenter 1999). Bushmeat could 
either be confiscated, or a “bushmeat tax” could be imposed at checkpoints along 
direct routes to markets to the market, which would either force those transporting 
bushmeat to choose a different route, or travel through the checkpoints and pay 
the tax (Wilkie & Carpenter 1999; Cowlishaw et al. 2005b). Due to the terrain in 
Bioko, the road network is fairly limited, with only two primary roads travelling 
to Malabo from the east and west, and one road across the saddle between Pico 
Basilé and the southern highlands (Fig. 7.1). At the base of each saddle road, and 
along each of the primary Malabo access roads, there are a number of gated 
military checkpoints. At each of these checkpoints travelers must stop and can be 
subject to search and seizure. Thus, the physical infrastructure for a network of 
checkpoints to control the flow of bushmeat to Malabo effectively already exists, 
but what is lacking is the impetus for military personnel to effectively enforce 
existing legislation. This could be addressed by an UNGE led project that 
provided documentation to the government on the volume of bushmeat travelling 
along the primary access routes to Malabo. 
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Prioritized monitoring schemes  
 If the government was to implement forest guards, patrol efforts should be 
prioritized to maximize effectiveness across “Conservation Priority Zones” based 
on amounts of total coverage, as well as the estimated relative investment 
necessary to effectively patrol the area (Fig. 6.1). 
 The highest priority zone is the southwestern sector of the GCSH, which 
should be considered a “no-take area” (Milner-Gulland et al. 2003) in each of the 
following management strategies. Using patrols to make this area a no-take area 
could be enforced more easily than any offtake restrictions (Milner-Gulland et al. 
2003), as it is already protected passively via isolation, hunting intensity is lowest, 
primate abundance is highest, and all seven monkey species are present (including 
the Gran Caldera de Luba). The area holds the highest densities of Bioko drill 
(Mandrillus l. leucophaeus), Bioko black colobus (Colobus s. satanas), and P. 
pennantii on the island. The distribution of P. pennantii, Bioko’s only endemic 
primate species (Groves 2007), is also entirely within this zone. In addition to 
primates, conservation of this zone would protect most of the critical nesting 
habitat of the four species of sea turtle that nest on the island (leatherback 
[Dermochelys coriacea]; green turtle [Chelonia mydas]; olive ridley 
[Lepidochelys olivacea]; hawksbill [Eretmochelys imbricata]). Thus, by 
concentrating anti-poaching efforts in the region, guards may be able to maximize 
conservation benefits at minimal cost. 
136 
 
 
 
 The second priority would be to protect the currently delineated protected 
areas. Populations of all of Bioko’s larger-bodied fauna are contained within the 
GCSH and PBNP, including the entire range of both P. pennantii and C. nictitans. 
Protecting these two areas would also conserve habitats along an elevational 
gradient from sea level to the summit of Pico Basilé, which would encompass 
both monsoon forests and Afromotane formations at higher elevations. This is, 
perhaps, the best place to start, as a framework for the protected areas already 
legally exists, and would require no new designation. This strategy is also aided 
by the fact that much of the terrain the protected areas encompass was deemed 
inferior for agriculture and overly difficult to access and exploit. These factors 
may make it easier to enforce, however, given the area, difficulty of terrain, and 
proximity of villages to the borders of the protected areas, this also represents 
more of a challenge than focusing on a smaller core zone.  
 
Training of police and military personnel 
 Training and sensitization of police and military personnel are perhaps 
more important than educating the general public. These individuals are tasked 
with enforcing anti-poaching legislation, but their behavior often flouts the law. 
An educational program should be included in both military and police training in 
order to ensure that all personnel are kept current about environmental and 
conservation legislation in Equatorial Guinea. These programs should also include 
training on how to consistently and effectively enforce existing legislation. 
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 In addition to the training of police and military personnel, the 
Government of Equatorial Guinea should also develop a support structure in order 
to promote regulatory compliance by these same individuals, as individuals may 
be more likely to comply with the law if they know that their superiors support 
them. This support program would likely fall to the Ministry of Defense, the 
Ministry of Fisheries and the Environment, or the Institute of Forest Development 
and Protected Areas Management (Instituto del Desarrollo Forestal y Gestión de 
las Áreas Protegidas; INDEFOR-AP), but it would need to act and be perceived as 
akin to an “environmental ombudsman”. The program would need to be neutral, 
independent, and entirely confidential so that police and military personnel felt 
comfortable approaching to report misconduct. In doing so, the support program 
could remove barriers to effective enforcement by taking away the fear of 
negative consequences resulting from reporting misconduct among peers.  
 
Public awareness campaigns and education 
 Awareness campaigns should begin with targeted data collection in order 
to identify key consumption behaviors to be changed. Once behaviors have been 
identified, awareness campaigns should be implemented to educate the public 
about the threat bushmeat hunting poses to Bioko’s biodiversity, and how 
changing certain behaviors may benefit the long-term persistence of wildlife. 
These campaigns will require governmental support, and would benefit from the 
support and inclusion of popular figures in Equatorial Guinea, such as members 
of the national soccer team or pop stars. Framing the awareness campaign as a 
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public health issue may also increase its effectiveness, as personal and family 
welfare is likely more palatable to the typical Equatoguinean bushmeat consumer 
than biodiversity conservation. For example, on Bioko, bushmeat is considered a 
luxury (Hearn et al. 2006) good, and consumption increases with increased 
income (Morra et al. 2009; Vega et al. 2013). An awareness campaign that drew 
specific attention to the threat that bushmeat consumption poses to humans (e.g. 
Gao et al. 1999; Wolfe et al. 2004; Wolfe et al. 2005; Kalish et al. 2012) may 
reduce demand by propagating a negative perception towards bushmeat among 
luxury consumers.  
 
Alternative protein sources 
 Alternative protein sources are available throughout populated areas of 
Bioko (excluding Ureca), and bushmeat does not contribute a significant amount 
of protein in the overall diet of the Bioko population (Reid et al. 2005; 
Albrechtsen et al. 2006; Morra et al. 2009; Vega et al. 2013). However, bushmeat 
consumption has increased as incomes have increased on Bioko (Morra et al. 
2009; Vega et al. 2013).  Thus, typical strategies, such as increasing accessibility 
to domestic protein sources, may not be sufficient. Vega et al. (2013) have 
suggested the development of a well-regulated bushmeat industry for particular 
species on Bioko may alleviate pressure on wild populations. Given the high 
volume of C. emini, A. africanus, and P. monticola observed (Chapter 2), all 
species with a high intrinsic growth rate that are preferred by Bioko consumers 
(Fa et al. 2002a), this may be plausible if it is accompanied the “good 
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governance” they suggest. However, Wilkie and Carpenter (1999) warn that the 
rearing of bushmeat species as an alternative protein can only be successful when 
the production costs are less than the cost of hunting and marketing. Thus, the 
merit of industrial bushmeat as a conservation measure is questionable, as it only 
becomes cost-effective once game have become too scarce to search for (Wilkie 
& Carpenter 1999).   
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Figure 6.1: Proposed conservation infrastructure and “conservation priority zones” on 
Bioko Island, Equatorial Guinea. 
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